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1.1 Study background and motivation of the disser-
tation: A brief review of the New Economic Ge-
ography and the New Trade Theory
In the past several decades, revolutionary progress in transportation, information and
communication technology (ICT) has greatly reduced the trade costs globally. On the
other hand, bilateral and multilateral high-level Free Trade Agreements dramatically pro-
moted the economic integration among countries and regions. As countries and regions
integrate, scholars and policy makers concern about the effects that economic integration
might have on the distribution of income between involved economies as well as on the
welfare levels of residents in related regions and countries. Besides the trade-related is-
sues, in recent years, economic integration connects more with location issues. The impact
of economic integration and economic geography on spatial development and economic
agglomeration becomes an important concern. What is the impact of economic integra-
tion on industry distribution? What is the relationship between economic integration and
spatial disparities? Why firms agglomerate in certain places and what is the impact of
trade liberalization on wages of workers? The emergence of New Economic Geography
(hereinafter NEG) following Krugman (1991) gives insight into these and other questions.
As a stream of literature within economics, NEG formalizes the advantages and disadvan-
tages of economic agglomeration by stressing the circular causality in production location.
As addressed in Fujita, Krugman and Venables (1999, P.4), one of main contribution of
1
NEG is to explicitly disclose “the self-reinforcing character of spatial concentration”.
Three building blocks underpin the mechanism of NEG, and give insight into why self-
reinforcing centripetal forces that pull economic activity into a geographical place occur
and persist over time. Specifically, increasing returns to scale, monopolistic competition
and transaction costs are the fundamental tools of NEG models. These tools employed
by NEG make it possible to explain the geographical unevenness of economic activities,
and thus shape the firms’ and workers’ location behavior. Myrdal (1957) put forward
the concept of “cumulative causation” and firstly address the crucial role of increasing
returns to scale for economic agglomeration to occur. By employing increasing returns
to scale, manufacturing firms in NEG models are encouraged to concentrate production
geographically as a way to benefit from scale economies. Meanwhile, increasing returns to
scale represents an incentive for firms to concentrate their production due to the benefits
deriving from creating larger plants.
As the second tool, monopolistic competition enters NEG literature as a decisive el-
ement in works such as Dixit and Stiglitz (1977) and Lancaster (1979). By including
increasing returns to scale, the competition between firms is far from perfect competition.
Indeed, firms can increase production while reducing the average cost per unit of prod-
uct. On the other hand, the existence of scale economies implies that firms agglomerating
production geographically are more efficient than the ones who disperse their produc-
tion spatially. In NEG models, generally, consumers are assumed to hold a horizontally
differentiated products with constant elasticity of substitution (CES). Consumers enjoy
varieties, and they buy small amounts of each variety of product. Meanwhile, each firm
only produces a single variety of the differentiated good under increasing returns to scale.
As a consequence, firms have a monopolistic power to decide their prices. However, the
monopolistic power of each firm is limited by the presence of other firms providing al-
ternative varieties of differentiated good. Such a model setting underpins the framework
that allows to examine the economic agglomeration geographically.
Transport costs in NEG literature generally take the form of “iceberg transport costs”
by Samuelson (1952). Different from zero transport costs in traditional trade theory, when
transported from one place to another, only a fraction of the value of products arrives
and the rest is paid as the payment to shipment. Therefore, the existence of transport
costs has a directly impact on firms’ location choice. Accordingly, the trade off between
benefits from agglomerate production and transport costs forms an important aspect of
firm’s location behavior.
While NEG mainly illustrates how a small temporary shocks can have large perma-
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nent effects on the location of economic activity (Krugman, 1991; Fujita et al., 1999),
a great concern of New Trade Theory (hereinafter NTT) is to clarify the size effect on
economic agglomeration and trade pattern (Zeng, 2014). Krugman (1980) and Helpman
and Krugman (1985) study a world economy producing differentiated varieties subject
to internal increasing returns to scale. When the differentiated products are costly to
trade, firms concentrate in large country in order to save transport costs. This result is
known as the home market effect (HME). Some subsequent studies have tried to assess
the robustness of the home market effect and to analyze the influence of this effect on
economic distribution and trade pattern by using alternative assumptions. For example,
Davis (1998) investigates whether the result of home market effect depends on the as-
sumption of zero transport costs for the homogeneous good. He shows that in a focal case
in which differentiated and homogeneous goods have identical transport costs, the home
market effect disappears.
Moreover, several studies examine the economic location issue by incorporating a more
realistic agricultural sector. For instance, keeping the usual immobile labor sector, Takat-
suka and Zeng (2012a, 2012b) build a general equilibrium model with general agricultural
transport costs. Takatsuka and Zeng (2012a) show the exact threshold value of the agri-
cultural transport cost for the HME in terms of firm share to occur. In contrast, Takatsuka
and Zeng (2012b) find that the HME always exists for any agricultural transport costs by
including mobile capital as the second production factor. On the other hand, studies such
as Crozet and Trionfetti (2008), Zeng and Kikuchi (2009) further examine the situation
that the agricultural goods are heterogeneous, and they find that the HME in terms of
firm share exists.
Another notable study of Takahashi et al. (2013) successfully revisits the home market
effect by removing the homogeneous good in the footloose capital model (Martin and
Rogers, 1995). They demonstrate that the larger country has higher wages and the wage
differential evolves in a bell-shaped pattern in terms of transport costs. Furthermore,
they observe the HME in terms of both firm share and wages, and show that these two
HMEs are equivalent. Based on the framework of Takahashi et al. (2013), several recent
researches have made progress. For instance, Chen and Zeng (2013) replaces the CES
utility assumption by a CARA function introduced by Behrens and Murata (2007). They
find that the HME in terms of wages is still observable but the HME in terms of firm
share becomes ambiguous. Zeng and Uchikawa (2014) extend the framework of Takahashi
et al. (2013) to a space of n ≥ 2 countries. They illustrate that the HME in terms of
trade pattern becomes ambiguous for middle-sized countries, while the HME in terms of
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firm share and wages are equivalent and observable. Furthermore, Tan and Zeng (2014)
show three more evolving patterns between firm share and trade freeness by incorporating
first-nature difference between two countries.
Inspired by the properties of HME in terms of wages, as part of this dissertation,
Zhou and Zeng (2015) introduce offshoring into the framework of Takahashi et al. (2013).
We attempt to disclose an endogenous process from offshoring to onshoring and how this
process depends on the endogenously determined wage differential. We find that the
offshoring volume evolves in a bell-shaped pattern in terms of trade costs. Furthermore,
we also examine welfare issues and our analyses are tractable.
On the other hand, HME in terms of wages also exists in multi-industry studies such
as Amiti (1998) and Laussel and Paul (2007), the former further shows that the wage
differential evolves in a bell-shaped pattern in terms of transport costs. Motivated by the
result that the larger country always has higher wages, we intend to know how does the rel-
ative size of a country affect its production specialization and trade pattern? Contrast to
Amiti (1998) and Laussel and Paul (2007), we build a multi-industry general-equilibrium
model with the production technology borrowed from Peng and Zeng (2014) in Chapter
3. We disclose that the production specialization and trade pattern are the results of the
interaction of the market access effect and the wage differential effect. We further show
the result of HME in terms of wages not only in the interior equilibrium but also in the
corner equilibrium.
Indeed, footloose capital plays an important role that makes firms concentrate in the
larger country and brings a higher wages there in Takahashi et al. (2013) considered
as a modified footloose capital model of Martin and Rogers (1995). Motivated by the
properties of the footloose capital model, we try to combine the footloose capital model
with location subsidy issues in Chapter 4. Meanwhile, as a notable trend of tax compe-
tition issue, Haufler and Wooton (2010) analyze how two countries set their tax policies
to attract a fixed number of oligopolistic firms. They use the quadratic utility function
and successfully show the agglomeration rent. Borrowing the framework of Haufler and
Wooton (2010), we build a model with two governments that provide export subsidy to
attract a fixed number of mobile firms.
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Figure 1.1: A flowchart of the motivations and structure of this dissertation
1.2 Summary and originalities of the dissertation
This dissertation investigates the issues of offshoring, inter-industry trade and tax compe-
tition by employing the New Economic Geography and the New Trade Theory approach.
This dissertation includes three parts. The first part consists of one research paper Zhou
and Zeng (2015)“offshoring, globalization, and welfare”(The North American Journal of
Economics and Finance). In this part, we analyze the issue of offshoring by building a
general equilibrium model of two countries and one sector of increasing returns to scale.
Gaining insight from Takahashi et al. (2013), the wage rates in our model are endoge-
nously determined. We uncover that offshoring occurs and evolves in a bell-shaped pattern
when transport costs decline. From a perspective of endogenously changing wage differ-
entials, it helps to explain an endogenous movement from offshoring to onshoring and to
show how it is endogenously associated with the rising level of globalization. Further-
more, we find that a fall in offshoring costs benefits the high-wage country but hurts the
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low-wage country. On the other hand, we find that the low-wage country benefits in the
process of trade liberalization. The impact of a decline in trade costs on the welfare of
the high-wage country depends on offshoring freeness. Existing literature such as Fujita
and Thisse (2006) and Robert-Nicoud (2008) investigate offshoring by exogenously given
wage ratios, and their analyses are restricted to the full agglomeration case. By contrast,
wage ratios and economic distribution are endogenously determined in our model. On
the other hand, we also contrast with Groosman and Rossi-Hansberg (2012) by involving
positive trade costs in our model. Furthermore, our approach displays strong tractability,
which is able to explicitly disclose the impact of falling offshoring costs and trade costs on
both offshoring volume and welfare when location equilibrium is interior and endogenously
determined.
The second part consists of a working paper Zhou et al. (2014) “Trade and the location
of two industries: A two-factor model ”. In this part, we attempt to disclose the relation
between the relative size of a country and the characteristics of the goods it produces and
trades. By employing the setup of Peng and Zeng (2014), our model is more tractable than
existing literature. Our result demonstrates that when industries only differ in elasticity
of demand substitution, the larger country is more specialized in the production of low-
elasticity goods when trade is close to autarky. When trade is close to free, the larger
country is more specialized in the production of high-elasticity goods. When industries
only differ in transport costs, the larger country is more specialized in the production of
heavier goods as the integration level is close to free trade. When industries only differ in
factor intensities, the larger country is a net importer of capital and two countries have
the same production patterns. Employing the setup of Peng and Zeng (2014), we seek to
contribute existing literature by showing some new analytical results due to the higher
tractability. In contrast to existing literature on inter-industry trade such as Amiti(1998),
we demonstrate the HME in terms of wages not only in interior equilibrium but also in
corner equilibrium.
In the third part, we aim to analyze the issues of tax competition and optimal subsidy
by two different approaches. Firstly, we employ the NEG approach and apply the footloose
capital model to our spatial economy space with two regions and one government. The
government adopts two schemes of subsidy policies: the first one is subsidy to fixed input
and the second one is subsidy to marginal input. Our results show that both policies are
effective in attracting mobile firms. However, they have different welfare implications.
Secondly, we analyze the issue of export subsidy by employing the framework of Haulfer
and Wooton (2010). We find that in the symmetric Nash equilibrium, equilibrium subsidy
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rates involves in a bell-shaped pattern as economic integration proceeds. Furthermore,
we analyze the welfare implication when the equilibrium subsidy rates are employed. We
illustrate that the welfare of each country involves in a U-shaped pattern in terms of trade
costs.
1.3 Organization and purposes of the dissertation
In Chapter 2, we aim to examine endogenous offshoring by building a general equilibrium
model. Gaining insight from Takahashi et al. (2013), we attempt to show that offshoring
occurs and evolves in a bell-shaped pattern when trade costs decline. We want to analyze
the effects of falling offshoring costs and trade costs on welfare of related workers.
In Chapter 3, we attempt to examine how the size of a country matters in determining
its production specialization and trade pattern with multiple industries. We allow two
industries differing in elasticity of demand substitution, transport costs and factor inten-
sities. Two countries in our model are identical in terms of preference, technology and
endowment, except that of country size. It is of interest to know whether size alone can
be a basis of international specialization and inter-industry trade. Compared with Amiti
(1998), our model shows higher tractability by incorporating the production technology
in Peng and Zeng (2014).
In Chapter 4, we try to analyze different welfare implications of two schemes of subsidy
policies: the fixed input subsidy and the marginal input subsidy. Simulation results imply
that an optimal tax rate which maximizes the welfare of residents exists. On the other
hand, by employing Haufler and Wooton (2010) approach, we attempt to know how
the equilibrium export subsidy rate involves in economic integration as two governments
compete to attract more firms in an oligopolistic industry by providing export subsidy.
Finally, in Chapter 5, we give concluding remarks.
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Chapter 2
Offshoring, globalization, and welfare
2.1 Introduction
This paper analyzes endogenous offshoring and the impact of globalization on welfare. As
a distinct facet of globalization, revolutionary progress in information and communication
technologies (ICT) has greatly promoted the development of offshoring. In order to take
advantage of the technology differential, factor endowments, or factor prices across coun-
tries, a growing number of firms have chosen to break down their production processes
into stages and tasks, which are performed in several disparate countries or regions. Off-
shoring, or international fragmentation, refers to such a relocation of jobs and processes
to a foreign country.
Firms in high-wage countries offshore their tasks to low-wage countries to benefit
from the relatively lower labor cost. Feenstra and Hanson (1999) state that offshoring
can explain between 11% and 15% of the observed decline in the cost share of production
labor in US manufacturing between 1979 and 1990. On the other hand, empirical studies
indicate that offshoring leads to higher wages in developing countries (Arne et al., 2012;
Khalifa and Mengova, 2010). For instance, Li et al. (2012) show that the average salary
of Chinese urban workers increased 0.1% per year from 1978 through 1997. However, this
growth rate increased to 13.8% from 1998 through 2010.
In recent years, a new phenomenon has attracted the attention of economists and
policy makers. Onshoring, reshoring, or backshoring: these terms describe a phenomenon
that brings US manufacturing jobs back from places such as China, where low-cost advan-
tages are quickly diminishing. According to a new survey by the Boston Consulting Group
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(BCG) (2013), the share of executives who are planning to “reshore” or are considering it
rose to 54%, as compared with 37% of executives who responded to a similar BCG survey
in February 2012. When asked whether they expect to move production in light of rising
wages in China, 21% of respondents said they are “actively doing this” or that they “will
move production to the USA in the next two years.” The BCG press release reports that
labor costs are one of the major driving forces in decisions about production location.
There is a need to better understand how the movement of offshoring and onshoring can
be endogenously determined and associated with the changing wage differential in the
process of globalization along with the possible economic impact on the welfare of various
groups of workers. These are precisely the issues this article attempts to clarify.
Grossman and Rossi-Hansberg (2008) analyze the impact of offshoring on factor prices
in a neoclassical framework. They uncover the productivity effect of offshoring and show
that this effect is analogous to factor-augmenting technological change. Baldwin and
Robert-Nicoud (2014) integrate the theoretical trade-in-tasks literature with the standard
trade-in-goods theory. They argue that if one views offshoring as “shadow migration” and
uses shadow-migration adjusted endowments instead of actual endowments, the H-O trade
and production predictions work perfectly. However, within a neoclassical framework of
trade theory, the impact of offshoring on wages and welfare is ambiguous because it
depends on whether offshoring takes place in a labor-intensive or capital-intensive sector
(Jones and Kierzkowski, 2001). Therefore, we believe that imperfect competition and
positive trade costs are important features that must be included when we analyze the
behavior of firms engaged in offshoring and trade. Fortunately, the New Trade Theory
(NTT) built in recent decades (see Fujita et al., 1999; Baldwin et al., 2003) can be applied
to incorporate those important features in a general equilibrium framework.
While most NTT papers focus on the impact of falling trade costs, it is noteworthy
that the development of new ICT is another feature of globalization that should be taken
into account in order to better understand the evolution of international trade. This
sort of effort is already observed in the existing literature. For example, Fujita and
Thisse (2006) adopt a modeling strategy that combines production fragmentation and ICT
improvement. They show how economic integration triggers the relocation of plants into
the periphery. They also find that ICT improvement benefits residents in the periphery
but hurts workers in the core. Robert-Nicoud (2008) studies the effect of offshoring on the
stability of economic agglomeration in the developed economy. His results suggest that
the efficiency benefits generated by offshoring are shared by workers worldwide. From
the perspective of the developed countries, he argues that offshoring helps sustain and
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reinforce employment in the source country.
In contrast to Fujita and Thisse (2006) and Robert-Nicoud (2008) in which scale
economies are internal to the firm, Grossman and Rossi-Hansberg (2012) develop a theory
of task trade between similar countries with external economies of scale. Countries differ
in size, and firms produce differentiated goods by performing a continuum of tasks that
generate local spillovers. They find that there always exists an equilibrium in which the
larger country has higher wages and output. This result confirms the home market effect
(HME) in terms of wages (Krugman, 1980).
In this article, we study the issue of offshoring in a general-equilibrium model setting
with positive transport costs of final goods and endogenous wage differentials. In Fujita
and Thisse (2006) and Robert-Nicoud (2008), the wage differentials are exogenously given
or equalized by employing a free-traded homogeneous good sector. The assumption of
this outside good simplifies the mathematics but loses some interesting information. By
contrast, our model setting allows for endogenously determined wage differentials, which
enables us to examine how the offshoring volume evolves in the process of globalization as
the wage differential changes. This goal can be reached by borrowing a recent framework of
Takahashi et al. (2013), who successfully revisit the HME by removing the homogeneous
good in the footloose capital model. The wage differential in their model is endogenously
determined and evolves in a bell-shaped pattern in the process of trade liberalization,
which can be extended to examine endogenously determined offshoring as well as its
relationship with the wage differential and the globalization level.
Bearing in mind the two facets of globalization (trade liberalization and ICT improve-
ment), two kinds of spatial frictions are taken into account in our analysis, namely, trade
costs and offshoring costs. Lower trade costs allow mobile firms to choose their production
location freely and sell their output in their home market at a low price. Equally impor-
tant, improvement in ICT reduces the coordination and communication costs between a
company’s headquarters and its plant workers overseas.1 Determining the effects of the
reduction of trade costs and offshoring costs on wage differentials and offshoring volume
as well as the economic implications for the various groups of workers is the focus of this
article.
Concerning the first issue, we show that offshoring volume evolves in a bell-shaped
pattern when trade costs decline. From a perspective of endogenously changing wage
differentials, it helps to explain the movement from offshoring to onshoring and to show
1Mokyr (2002) argues that hight coordination costs were likely the main reason for bringing workers
“under the same roof” on the eve of the Industrial Revolution.
10
how it is endogenously associated with the rising level of globalization.
Second, we analyze the impact of endogenous offshoring on the welfare of related
groups of workers. Many economists and politicians in Japan worry about the so-called
hollowing out of Japanese industry as many Japanese assembly plants have been shifted
abroad. After examining the welfare levels in two countries, we find that ICT improvement
(falling offshoring costs) benefits workers in the high-wage country but hurts workers in
the low-wage country. This is because a rising wage rate in the low-wage country resulting
from offshoring drives out capital and firms, which hurts workers in the low-wage country
by increasing the local price index. This result contrasts starkly with those of Fujita
and Thisse (2006) and Robert-Nicoud (2008), which show that ICT improvement benefits
workers in the periphery but hurts workers in the core. This is because their analyses are
limited to the agglomerating equilibrium, so that no firms move from the periphery to
the core. Furthermore, the wage differential of unskilled labor in countries is exogenously
fixed in Fujita and Thisse (2006); therefore, the potential change in offshoring volume is
not captured. Meanwhile, we show that two countries have different interests in economic
integration (falling trade costs). The small country gains from economic integration, while
the welfare of a representative resident of the high-wage country depends on the values of
offshoring freeness.
The rest part of this paper is organized as follows. In Section 2, we establish our
model for offshoring. Section 3 examines the equilibrium, and Section 4 examines welfare.
Finally, Section 5 summarizes the conclusions.
2.2 Brief setup
The setup is based on the framework of Takahashi et al. (2013) which simplifies the
well-known footloose capital model by removing the agricultural sector. With only one
sector producing differentiated goods under increasing returns to scale, they derive the
spatial inequalities in industrial location and income. It is shown that the wage rate in the
larger country is always higher than that in the smaller country, and the wage differential
evolves in a bell-shaped pattern when trade costs decline. The intuition for this result
is simple. Because workers are immobile, a higher concentration of firms in a country
increases wages there, resulting in two opposing forces. One is a backward linkage: final
demand increases because of consumers’ higher incomes, which is a centripetal force that
encourages agglomeration. The other is a forward linkage: a higher wage rate increases
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the labor costs of firms, which is a centrifugal force that discourages agglomeration. When
trade costs are high, the centripetal force is weaker, because serving the local market is
important; this results in a dispersion stage of firms. When trade costs are small, the
centrifugal force is stronger, creating another dispersion stage of firms. In our model, this
wage differential gives firms in the larger country an incentive to offshore tasks to save
production costs.
In the setup, the economy space consists of two countries j = 1, 2, each with the
same physical geographical constraints, except for their population sizes. Without loss of
generality, we assume that country 1 is larger. There are a total of L units of labor and
K units of capital. To rule out the H-O comparative advantage, each resident is assumed
to hold the same amount of capital. Therefore, the capital owner share in country 1 is
the same as the labor share there, which is denoted by θ ∈ (1/2, 1). For simplification,
we mainly describe the economy in country 1, as country 2 is almost symmetric.
2.2.1 Household
In our setup, only the manufacturing goods are consumed, and the utility function of
residents is simply U = M . M denotes the consumption of a continuum of varieties in










where σ > 1 represents the elasticity of substitution between two manufactured varieties,
N is the number of varieties, and d1(i) is the demand of a typical manufactured good, i,









where p1(i) denotes the price of a variety in country 1. The Marshallian demand in




Y1, j = 1, 2, (2.1)
12
where Y1 denotes the income in country 1 and Pj1 is the price of a variety made in country
j and sold in country 1. The varieties are assumed to be symmetric, so (2.1) does not
depend on the variety name.
2.2.2 Production
We have a single sector with a technology of increasing returns to scale. There are
two production factors: labor and capital. As in Martin and Rogers (1995), each firm
uses labor as marginal input and capital as fixed input. We choose units of capital and
manufactured goods so that a fixed input of one unit of capital and a marginal input of
(σ − 1)/σ units of labor are required to produce one unit of each variety. Capital is the
only mobile factor and the share of employed capital in country 1 is denoted by k, so
the number of firms in country 1 is kK. We assume Samuelson’s iceberg international
transportation costs: τ ≥ 1 units of a manufactured good must be shipped for one unit
to reach the other country. Following Grossman and Rossi-Hansberg (2008, 2012), the
production of one unit of goods consists of continuous tasks, which can be codified and
transmitted overseas.2 A firm can perform each task required for the realization of its
product either in close proximity to its headquarters or at an overseas plant. Unlike Antràs
(2005), Choi and Choi (2013), and Goswami (2013), we have neglected the firm’s choice
of organizational form for the sake of simplicity. Namely, we do not distinguish between
firms that are vertically integrated and those that contract out for certain activities. We
use m to denote units of tasks performed by plant workers overseas. A representative firm
in country 1 sets its price to maximize its profit:
π1 = p11d11 + p12d12 −
σ − 1
σ
w̃1(d11 + τd12)− r1, (2.2)
where (d11 + τd12) is the total output, and
w̃1 = (1−m)w1 +mξw2 (2.3)
is a weighted mean of the wages in two countries. The physical separation of plant
workers from the company’s headquarters incurs coordination and communication costs
2Viewing the production of goods as a “bundle of tasks” is helpful for understanding the implications
of the tradability of some tasks on factor rewards and how they differ from those of the tradability of
goods and services (Baldwin and Robert-Nicoud, 2014).
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for multinational firms. We impose a convenient assumption that all tasks have identical
coordination and communication costs, which we refer to as offshoring costs, ξ. This cost
decreases with the development of ICT and will be discussed in Section 2.2.3. We will
show in Section 2.3.3 that our main result remains robust, even when tasks have different
offshoring costs, as in Grossman and Rossi-Hansberg (2008, 2012).
Here, we choose the labor in country 1 as the numéraire, so that w1 = 1. Wage, w2,
hereafter will be written simply as w. In what follows, we attempt to analyze the impact
of decreasing trade costs (τ) and offshoring costs (ξ) on offshoring volume (m) and the
welfare of related groups of workers. It is convenient to introduce notations:
ϕ = τ 1−σ ∈ [0, 1], µ = ξ1−σ ∈ [0, 1].
One one hand, ϕ varies between 0 (prohibitive trade costs) and 1 (zero trade costs) and,
therefore, measures the degree of integration between the two countries. On the other
hand, µ can be interpreted as an index of offshoring freeness. When µ = 0, this means
that it is almost impossible to offshore a simple task to plant workers overseas; however,
µ = 1 implies that hiring plant workers overseas incurs no additional cost.
2.2.3 Offshoring costs
In this article, production is considered to be composed of continuous tasks. Some of
them in country 1 are offshored to country 2. Offshoring costs are highly related to the
attribute of the tasks. Leamer and Storper (2001) distinguish between tasks that require
codifiable information and those that require tacit information. The former is easy to
be codified in a linguistic, mathematical or visual system. However, the latter requires
frequent face-to-face communication or a common background of knowledge, which is
costly to transfer to foreign countries. The offshored tasks of this article refer to those
that require few face-to-face interactions and can easily be codified and transmitted via
ICT such as fiber optic cables and satellites. However, the boundary between offshorable
tasks and those that are difficult to offshore is not fixed. This boundary shifts constantly
with ICT improvement (Blinder, 2006).
Offshoring costs can be either visible or invisible. Visible costs mainly include those
related to technology: managers in one country have to give orders and guidance using
ICT (Robert-Nicoud, 2008). Invisible costs refer to costs that are not always apparent
to firms deciding to offshore, including those related to time zone, culture or language
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differences, and political status. For example, at times, synchronous communication may
be required to allow for immediate feedback, which can be difficult when the time zone
difference is 8h or more (Kikuchi and Long, 2010).
There are several ways to model offshoring costs. In Grossman and Rossi-Hansberg
(2008, 2012), if a task is performed offshore, the firm bears an extra cost of coordinating
production and communicating with distant workers. They propose a simple way to model
offshoring costs in terms of input requirements: a firm producing one unit of product that
performs tasks abroad requires βt(i)A units of foreign labor, where A is the local marginal
input requirement, t(i) captures the heterogeneity of offshoring costs across tasks, and
β > 1 is a shift parameter that reflects the level of ICT. This approach captures well the
task trade conveyed electronically and increasingly fits a world in which many physical
components can be transported at a relatively low cost.
Fujita and Thisse (2006) model offshoring costs by an additional marginal input re-
quirement, TM > 1, which accounts for all impediments to coordination within the firm
when the headquarters and plant are physically separated.
Robert-Nicoud (2008) argues that the possibility of offshoring/fragmentation comes
in two ways. The first way is trade in intermediates with vertical linkages. However,
given the terminology of the model about what is a “firm,” this kind of offshoring occurs
at arm’s length. In the second way, firms hire plant workers overseas to complete tasks.
This trade-in-tasks takes place within the boundaries of the firm (thus, a multinational
corporation). The offshoring of tasks involves intangible factors and is costly to a firm.
He also models the costs by an additional marginal input requirement, E > 1.
In another trend of offshoring literature such as Goswami (2013), technology transfer
costs involved in offshoring are modeled as an extra fixed input. This helps in the analysis
of a firm’s choice between offshoring and FDI.
Since organizational form is not our main concern here, our modeling of offshoring costs
mirrors that in Grossman and Rossi-Hansberg (2008, 2012), Fujita and Thisse (2006), and
Robert-Nicoud (2008). Specifically, we use an additional marginal requirement parameter,
ξ, to group all impediments to coordination and communication within the firm when its
headquarters and plant are physically separated. Thus, one unit of labor hired in country
2 costs w2 to the firm with its headquarters established in country 2 but costs ξw2 to the
firm with its headquarters established in country 1. Inequality ξ > 1 reflects the fact that
remote performance of a task limits the opportunities for monitoring and coordinating
workers. An increase of µ represents improvement in ICT that reduces the offshoring
costs, ξ, which is considered to be one of the most important aspects of globalization.
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This way of modeling offshoring costs helps us to better understand the effects of ICT
improvement on offshoring and the welfare of related groups of workers.
In summary, we focus on offshoring in which transport costs of intermediates are
negligible. In a multinational firm, the calling center and tasks such as programming,
accounting, coding etc. may be performed by plant workers overseas with little transport
costs. On the other hand, intermediates are sometimes assembled and consumed locally
without incurring transport costs. For example, the Toyota Motor Corporation keeps its
core activities, such as R&D and design, at home; however, auto parts are produced,
assembled, and consumed in China or other countries of Southeast Asia.
2.3 Equilibrium
2.3.1 Short-run equilibrium
In a short-run equilibrium, for a given firm share, k, and an offshoring freeness, µ, firms
maximize their profits, consumers maximize their utility, and all markets clear.
Operating profits of firms
The first-order condition for maximizing (2.2) gives
p11 = w̃1, p12 = τp11, p22 = w, p21 = τp22.
The price indices are
P1 =
{










where ϕ = τ 1−σ denotes the trade freeness. Subsequently, we use a rising ϕ rather than a
falling τ to refer to the fact of trade liberalization.
By the free-entry condition, the profit of firms is zero in a long-run equilibrium. We
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Now, we turn to the labor market. The labor clearance in terms of wages is written as
kK(1−m)(σ − 1)r1 = θL, (2.8)
(1− k)K(σ − 1)r2 + kKm(σ − 1)r1 = (1− θ)Lw. (2.9)
The right-hand side terms in the equations above are two total wage bills. The first terms
in the left-hand side capture the wage bills paid by local manufacturing firms by using the
relationship between sales and operating profits. The second term in the left-hand side
of equation (2.9) represents the wage bill paid by foreign source firms, it increases with
the offshoring volume and firm share in the source country. Because of labor immobility,
offshoring increases foreign wages but reduces domestic wages3 until wage savings just
balance the offshoring costs. In other words, firms in the high-wage country are indifferent
to hiring local or foreign labor at
ξw = 1. (2.10)
In general, we write that
ξw ≥ 1, m ≥ 0, (1− ξw)m = 0.
2.3.2 The long-run equilibrium
In the long-run equilibrium, capital moves in search of the highest nominal returns. Ac-
cordingly, a long-run equilibrium is a short-run equilibrium in which the following addi-
tional condition is met:
0 ≤ k ≤ 1, max{r1, r2} = r, k(1− k)(r1 − r2) = 0.
3Consistent with Glass and Saggi (2001), an increase in offshoring decreases the relative wage level of
the source country.
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In an interior equilibrium, firms are located in both countries. Then the operating profits
are equal in the two countries: r1 = r2. Equations (2.6) and (2.7) imply that




At equilibrium, wage convergence stops and equation (2.10) holds. From equation (2.10),
the wage rate in the low-wage country w is increased to w = µ
1
σ−1 . At a wage differential
of this value, no firm in country 1 has incentive to offshore. Note that for a given θ and
σ, there is a threshold value of trade freeness, µmin, below which trade-in-tasks is not
economical. In other words, wage cost savings from offshoring cannot cover offshoring
costs for any µ < µmin. Fujita and Thisse (2006) also argue that intra-firm coordination
costs must be sufficiently low so that operating a plant in a distant place is not too costly
for international fragmentation to arise.
The national incomes are
Y1 = θL+ θKr, Y2 = (1− θ)Lw + (1− θ)Kr, (2.12)
deriving
r =
L[θ + w(1− θ)]
K(σ − 1)
, (2.13)
from (2.11). Meanwhile, by using r1 = r2 = r, the positiveness of capital returns (2.6)
and (2.7) gives two bounds of wage rate w:




Plugging (2.11) into (2.8) and (2.9), we obtain a simple relationship between offshoring
volume and firm share:
m = 1− θ
k[θ + w(1− θ)]
. (2.15)
Equation (2.15) implies that m increases in k: the more firms agglomerate the more
firms offshore. On the other hand, easy availability of offshoring also encourages firms to
agglomerate in the larger country.

























σ−1 + θµ(θ + σ − 1).
Equality w = µ
1
σ−1 holds from the full-employment condition. Substituting (2.16) for k
in (2.15), the offshoring volume becomes
m = 1− θσ(µ− ϕ)(1− µϕ)
∆1
. (2.17)
Offshoring does not occur if m = 0. By (2.17), the critical values of trade freeness for
m = 0 are
ϕ =
















2[θµ2 − (1− θ)µ
1
σ−1 ]2 − 4θµ2(1− θ)(1− µ
1
σ−1 )A0,
A0 = (2θ − 1)σ + (1− µ
1
σ−1 )(1− θ)(σ − θ) > 0.
We have m > 0 iff ϕ ∈ (ϕ, ϕ̄). The positiveness of ∆2 derives µmin: the larger solution4
of equation ∆2 = 0 with respect to µ. For a given offshoring freeness, µ ∈ [µmin, 1), in
two intervals, [0, ϕ] and [ϕ, 1], the wage differential between the two countries is not large
enough to trigger offshoring, and the situation is exactly the same as in Takahashi et al.
(2013). In economic integration, the offshoring volume, m, becomes positive when ϕ > ϕ
and decreases to zero again at ϕ. By the definitions of ϕ, ϕ, and ∆2, we immediately
obtain 0 < ϕ < ϕ < 1, whose relationship is shown in Fig. 2.1.
For a given offshoring freeness, µ, which determines w in the long-run equilibrium, we
4In Takahashi et al. (2013), the minimum wage rate of the smaller country is implicitly determined





1−θ holds, which guarantees the positiveness of ϕ.
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Figure 2.1: Offshoring wages in [ϕ, ϕ]
Proposition 1 For ϕ ∈ [ϕ, ϕ], offshoring volume evolves in a bell-shaped pattern when ϕ
increases.


































σ−1 (1− θ)(θµ2 − σ + θ) + θµ3σ − µθ(1− θ)(1 + µ2)
]
.
The sign of ∂m/∂ϕ depends on its numerator, which is a quadratic function of ϕ. For
θ ∈ (1/2, 1), µ ∈ (0, 1), and σ > 1, it holds that
A1 > θσµ
[
















Therefore, the numerator forms a U-shaped pattern when transport costs decline. Since











which enables us to conclude that ∂m/∂ϕ = 0 has one and only one solution in [ϕ, ϕ].
Accordingly, the offshoring fraction, m, evolves in a bell-shaped pattern when ϕ ∈ [ϕ, ϕ].
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Figure 2.2: Bell-shaped pattern of m with respect to ϕ
when ϕ < ϕ the wage cost savings from offshoring cannot cover offshoring costs. Offshoring
starts from point ϕ, which depends on µ, θ, and σ. As trade costs continue to fall, more
and more firms start to locate in country 2 to take advantage of the low wages. This, in
turn, drives up the wage rate, which has a negative effect on country 1’s offshoring, and
the volume declines to zero again at ϕ.
Our result is consistent with Result 1 of Robert-Nicoud (2008), giving a necessary
interval of trade costs to trigger offshoring. His analysis is limited to a given agglomerating
equilibrium, while our equilibrium is interior and endogenously determined by the values
of offshoring freeness and other parameters.
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2.3.3 Tasks with different offshoring costs
We assumed that all tasks have identical offshoring costs, ξ, in (2.3) and showed that
the share of offshored tasks evolves in a bell-shaped pattern when ϕ increases. Now, we
examine the case that different tasks have different offshoring costs, and only tasks with
low offshoring costs are offshored.
Inspired by Grossman and Rossi-Hansberg (2008), we index the tasks in industry M
by i ∈ [0, 1] in the order of non-decreasing offshoring costs. To be more specific, we assume
that the offshoring costs of task i are t(i)ξ, where t(i) = 1 + i increases in i ∈ [0, 1], and
ξ represents a base of offshoring technology. Let m be the marginal task to be offshored,
which is determined by the condition in which the wage cost savings just balance the
offshoring costs:
ξt(m)w = 1. (2.18)





From equation (2.18), we have w = µ
1
σ−1/(1 + m), where µ = ξ1−σ is the offshoring
freeness, again. Together with equation (2.19), the condition of equal capital returns
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.













k = 0. (2.21)
Substituting (2.20) for k in (2.21), we obtain an equation for endogenously determining
the marginal task, m. Let m = 0, we can solve the critical values of trade freeness ϕ and
ϕ, again. Unfortunately, even in this specific example, we are not able to obtain an
analytical solution for m. Nevertheless, we can perform some simulations to examine our
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previous results. Figure 2.3 depicts how the marginal offshored task, m, depends on trade
freeness, ϕ ∈ [ϕ, ϕ]. The two curves are for θ = 0.8 and θ = 0.75, while other parameters














Figure 2.3: Bell-shaped pattern of m with respect to ϕ (different offshoring costs)
2.4 Welfare
As two important facets of globalization, trade liberalization relaxes the need to cluster
production near demand, whereas ICT improvement relaxes the need to cluster production
altogether. In this section, we analytically examine the effects of trade liberalization and
ICT improvement (falling offshoring costs) on the welfare of related groups of workers.
The existence of gains from trade in all involved economies is a well-known result
in the traditional trade literature by comparing autarky and free trade. However, the
positive effects of free trade are less clear in NTT models with nontrivial trade costs. In
a traditional footloose capital model, a free-traded agricultural good equalizes the wages
and individual incomes in two countries. Thus, the real wage in a country is higher if and
only if there are more firms located in that country. However, the situation is different in
our model, which has trade costs and offshoring costs. The HME implies that the income
is lower in country 2. On the other hand, depending on the wage rate, the price of the
domestically produced goods changes accordingly. For this reason, the lower wage rate
in country 2 is not necessarily a demerit to its residents, because the locally produced
goods are cheaper. Consequently, welfare deserves a more detailed analysis to include the
impact from wages and trade costs.
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2.4.1 Trade liberalization and welfare
We focus on the case in which offshoring occurs where ϕ is limited in (ϕ, ϕ). In order to
investigate the impact of trade liberalization on welfare, we calculate the utility levels of






L(1− θ)w + (1− θ)Kr
L(1− θ)P2
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µ(1 + ϕ2)− 2ϕ
(σ − 1)(1− ϕ2)(1− µϕ)
ω1, (2.22)
whose sign depends on µ(1+ϕ2)− 2ϕ, since other terms are evidently positive. Equation







Equation (2.22) is positive for ϕ ∈ [0, ϕ♯) and negative for ϕ ∈ (ϕ♯, 1]. We compare ϕ♯
with ϕ and ϕ, since our analysis is limited in (ϕ, ϕ). Consequently, three possible cases
arise for ϕ ∈ (ϕ, ϕ):
ω1

increases in ϕ, if ϕ♯ > ϕ,
first increases and then decreases in ϕ, if ϕ < ϕ♯ < ϕ,
decreases in ϕ, if ϕ♯ < ϕ.
(2.23)
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Lemma 1 (i) For any µ ∈ [µmin, 1), we have ϕ♯ > ϕ; (ii) There exists a unique µ∗ ∈
[µmin, 1) satisfying ϕ
♯ = ϕ.
Proof: See Appendix A. 
Lemma 1 excludes the third case of (2.23) and leads to the following conclusion:
ϕ < ϕ♯ < ϕ if µ > µ∗,
ϕ♯ ≥ ϕ if µmin ≤ µ ≤ µ∗.














































Form 2: µ > µ∗
ϕ ϕϕ♯
Figure 2.4: Possible forms of ω1 with respect to ϕ
a given offshoring freeness, µ, which determines the wage differential in the long-run
equilibrium, a higher wage rate in country 1 has two opposite effects: First, firms are likely
to locate in this country to save trade costs (the market size effect); second, firms pay
wages as production costs, and a higher wage rate drives more firms out (the production
cost effect). For a small ϕ, serving a foreign market is difficult, so capital and firms
disperse to serve the local markets. The price index in country 1 decreases when trade
costs decline, which increases the welfare in that country. If offshoring freeness is high
enough (µ > µ∗), as trade costs decrease (ϕ becomes larger), the price index of country
1 increases for two reasons. First, even a small wage differential will attract capital and
firms to the cheaper country when serving foreign markets becomes easy; second, a higher
offshoring freeness also implies a higher price for imported goods for residents in country
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1. The rising local price index may cause a decline in the welfare of a representative
resident in country 1.




(µ− ϕ)2 + 1− µ2
(σ − 1)(1− ϕ2)(µ− ϕ)
ω2 > 0.
The inequality is from µ > ϕ of (2.14). Thus, residents of country 2 always benefit from
trade liberalization. Intuitively, in the long-run equilibrium, the income of country 2 is
determined by the offshoring freeness, µ (Remember that w is increased to w = µ
1
σ−1 ).
Although some firms will relocate to country 1, the decline of trade costs decreases the
price index, which benefits residents in country 2.
Proposition 2 For µ > µ∗ and ϕ > ϕ♯ (area I in Fig. 2.5), the welfare in country 1
decreases in ϕ. Otherwise (areas II and III of Fig. 2.5), residents of country 1 benefit











































































Figure 2.5: ω1 with respect to ϕ and µ
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2.4.2 ICT improvement and welfare
Advances in technology have reduced transportation costs considerably. More impor-
tantly, rapid development of ICT has had enormous economic impact on the global econ-
omy through the transformation of production processes, organizational structures, and
communication. Economic activities have become digitized in large parts, which has en-
abled business activities to be conducted in entirely new ways, as well as across countries.
The Internet greatly facilitates communication and the exchange of information between
countries. Falling offshoring costs encourage firms to offshore more routine tasks to low-
wage countries. What is the impact of ICT improvement on the welfare in both countries?
Can efficiency gains from offshoring benefit both countries when offshoring costs decline?
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C(ϕ, µ) = θ(θ + σ − 1)ϕµ
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Lemma 2 For any θ ∈ (1/2, 1), σ > 1, welfare ω1 increases in µ ∈ [µmin, 1).
Proof: Appendix B shows C(ϕ, µ) > 0 for all µ ∈ [µmin, 1) and ϕ ∈ (ϕ, ϕ). Therefore,
∂ω1/∂µ > 0 holds for µ ∈ [µmin, 1). 
Intuitively, a rise of offshoring freeness increases the wage rate in the low-wage country
at equilibrium. For a given ϕ ∈ (ϕ, ϕ), the market size effect dominates the production
cost effect so that firms relocate to country 1 to save transport costs, which lowers the
local price index. Meanwhile, a higher wage rate in country 2 also boosts the capital
return and indirectly increases the income of residents in country 1. On the other hand, a
higher wage rate in country 2 also implies a higher price for export goods, which, in turn,
increases the local price index in country 1. The final outcome depends on the interaction
of these three forces. Our results show that the high-wage country always gains from the
reduction of offshoring costs.
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which is negative. Therefore, welfare in country 2 decreases when ICT is improved.
Indeed, the fraction of offshoring, m, rises when offshoring becomes easier. On one hand,
it raises the wage rate in the low-wage country; on the other hand, a higher offshoring
freeness induces firms in the high-wage country to offshore more. According to equation
(2.15), more firms tend to concentrate in the high-wage country, which causes the price
index in the low-wage country to go much higher. The negative effect overweighs the
positive wage increase effect and harms the welfare of residents in the low-wage country.
The above results are summarized as follows.
Proposition 3 ICT improvement (falling offshoring costs) benefits the high-wage coun-
try, but the low-wage country suffers.
Our result is consistent with the empirical study of Navaretti et al. (2010). They
examine how outward investments to developing countries affect the home activities of
French and Italian firms that become multinational. Their result shows no evidence of
a negative effect of transferring low-tech manufacturing jobs to cheap-labor countries.
Our result is also consistent with Rodr̀ıguez-Clare (2010) which demonstrates that in
the long run, the high-wage country always gains from increased offshoring, whereas the
low-wage country suffers. Proposition 3 contrasts with Fujita and Thisse (2006), based
on a model with mobile skilled labor (working only at the company’s headquarters) and
immobile unskilled labor (working only in plants). They find that falling communication
costs trigger the relocation of plants into the periphery. The relocation process raises
the welfare in the periphery and decreases the welfare in the core. The different welfare
result is due to the fixed wage differential in their model. Meanwhile, Robert-Nicoud
(2008) claims that an increase in communication freeness hurts workers in the high-wage
country, whereas workers in the low-wage country are better off. This is due to the fact
that his analysis is restricted to the agglomerating equilibrium, so that no firms move
from the low-wage country to the high-wage country.
By contrast, our location equilibrium is interior, closer to the real world. The wage
differential in this article is endogenously determined by the industrial distribution and
offshoring freeness. We find that a fall in offshoring costs benefits workers in the high-
wage country but hurts workers in the low-wage country. This is because the rising wage
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ratio in the low-wage country drives capital and firms out and increases the price index
in the low-wage country.
2.5 Conclusion
This paper examines the issue of offshoring in a simple general equilibrium model with
two countries and one sector of increasing returns to scale. As an extension of Takahashi
et al. (2013), the wage rates in our model are endogenously determined, making the ex-
amination of offshoring mechanisms possible. Endogenous offshoring is found to evolve in
a bell-shaped pattern when trade costs decline, showing that the movement of offshoring
and onshoring can be endogenously determined and associated with the changing wage
differential. Moreover, we are able to analytically examine how the welfare levels in the
two countries change with trade liberalization and ICT improvement. Some developed
countries, such as Japan, worry about the hollowing out of industry as many assembly
plants have been moving abroad. However, we find that falling offshoring costs benefit
workers in the high-wage (developed) country but hurts workers in the low-wage (de-
veloping) country. This is because the rising wage rate resulting from offshoring drives
capital and firms out from the low-wage country. Meanwhile, a fall in the wage rate of the
high-wage country represents a loss of comparative advantage in the low-wage country.
A policy suggestion is that the low-wage country should work on building new sources
of comparative advantage, such as the absorptive capacity and technological expertise
suggested in Goswami (2013).
On the other hand, we find that the low-wage country benefits in the process of trade
liberalization. The impact of a decline in trade costs on the welfare of the high-wage
country depends on offshoring freeness. With a low value of offshoring freeness, a decline
of trade costs benefits the larger country; with a high value of offshoring freeness, the
welfare in the large country first increases and then decreases.
For analytical tractability, studies in related literature such as Grossman and Rossi-
Hansberg (2008, 2012) and Dluhosch (2006) assume either transport costs or offshoring
costs to be zero. Fujita and Thisse (2006) and Robert-Nicoud (2008) incorporate both,
but their analyses are restricted to cases of full agglomeration only. In contrast, our
approach displays strong tractability, which is able to explicitly disclose the impact of
falling offshoring costs and trade costs on both offshoring volume and welfare when loca-
tion equilibrium is interior and endogenously determined.
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Chapter 3
Inter-industry trade and country size
3.1 Introduction
The last few decades have witnessed a remarkably large reduction of trade costs and a
closer economic integration. The European Union (EU) is doubtlessly the most integrated
regional trade agreement (RTA) in the world. However, some small European countries
worry that increased economic integration, through the enlargement of the European
Union, could result in a relocation of their national industries toward larger countries.
The role of country size on the location of industries and trade has become an important
concern.
The effects of country size differences have been a focus of attention for many years
in the “new trade theory” literature (e.g. Markusen, 1981; Markusen and Melvin, 1981;
Krugman, 1980; Helpman and Krugman, 1985) and in the “new economic geography”
(e.g. Krugman, 1991; Krugman and Venables, 1995). The most famous result in this area
is the home market effect (HME) of Krugman (1980) and Helpman and Krugman (1985).
The latter studied a world economy producing differentiated varieties subject to internal
increasing returns to scale. When the differentiated products are costly to trade, firms
concentrate in large countries in order to save transport costs.
Some subsequent studies have tried to assess the robustness of the home market effect
and to analyze the influence of this effect on economic distribution and trade pattern
by using alternative assumptions. For example, Davis (1998) investigates whether the
result of home market effect depends on the assumption of zero transport costs for the
homogeneous good. He shows that in a focal case in which differentiated and homogeneous
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goods have identical transport costs, the home market effect disappears. Another notable
study of Takahashi et al. (2013) successfully revisits the home market effect by removing
the homogeneous good in the footloose capital model. They show that the larger country
has a higher wage rate and the wage differential evolves in a bell shape in terms of
transport costs.
This article aims to study how the size of a country matters in determining its pro-
duction specialization and trade pattern with multiple industries. Specifically, we try to
answer the following questions: how does a difference in size between two countries affect
the equilibrium wages of these countries? What is the impact of transport costs on the
wage differential? How does a continuous fall in transport costs affect the production
specialization and trade pattern?
Some of these issues are firstly addressed in Amiti (1998). Amiti studies the relation
between country size and inter-industry trade in a general equilibrium model with two
countries, two imperfectly competitive industries. The two countries are identical except
for size. Transport costs affect both industries. The production specialization and trade
pattern are results of interplay of two effects: the “market access” effect and “production
costs” effect. The latter attracts firms to the smaller country due to lower wages. The
prices in the smaller country are lower than in the larger country in each industries.
Another study of Laussel and Paul (2007) investigate the issues by a two country and
one factor model. The only factor is labor which can freely move across industries but
cannot move internationally. They show that if the two countries are sufficiently close in
size and demand elasticities differ across industries, a continuous fall in transport costs is
associated with a reversal in the pattern of trade at some intermediate level. On the other
hand, if the two countries are very different in size and demand elasticities differ across
industries, the larger country is always a net exporter of the less differentiated good.
The model settings in this paper are identical to Amiti’s except that the immobile labor
is the only fixed input and mobile capital is the only marginal input. As in Amiti (1998)
and Laussel and Paul (2007), there are two kinds of driving forces in this article. The
first one is the market access effect which attracts firms to locate in the larger country to
save on transport costs. The second one is “wage differential effect” first called in Laussel
and Paul (2007). This effect is quite different from that of Amiti (1998) and Laussel and
Paul (2007). The immobile labor is chosen as marginal input in both of these two papers,
therefore, the prices are lower in the smaller country in each industry. By contrast, mobile
capital is chosen as the only marginal input thus the prices equal across countries in each
industry in this paper. The wage differential effect in this article arises only from the
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different fixed costs. We seek to contribute to the literature by showing that if prices
equal across countries in each industry, some new results can be generated.
The wage differential evolves in a bell shape in terms of transport costs both in Amiti
(1998) and in this article. However, this property is totally tractable in our model when
two industries only differ in factor intensities. While the results in Amiti (1998) are
restricted in interior equilibrium, we extend it to the corner equilibrium. We show the
home market effect in terms of wages not only in interior equilibrium but also in corner
equilibrium. When two industries only differ in demand elasticity, Amiti (1998) shows that
the smaller country is more specialized in the production of low-elasticity goods and hence
a net exporter of low-elasticity goods at transport cost level close to autarky. In contrast,
when transport cost level is close to autarky, the market access effect dominates in this
article. Thus, the larger country is more specialized in the production of low-elasticity
goods at transport cost level close to autarky. Our results of trade pattern demonstrate
that the larger country is a net exporter of both industry goods when trade is close to
autarky. The net export of high-elasticity goods increases and that of low-elasticity goods
decreases when trade is close to free. Our results of trade pattern contrast with Laussel
and Paul (2007) employing a one-factor model. The result of trade pattern in Laussel
and Paul (2007) depends on the differential of country size. Since the immobile labor is
the only factor in Laussel and Paul (2007), if the two countries are very different in size,
most of the firms are located in the larger country. Thus, the larger country is always a
net exporter of the low-elasticity goods.
When two industries only differ in transport costs, Amiti (1998) shows that the smaller
country is always more specialized in the production of low transport cost goods and hence
a net exporter of low transport cost goods. In contrast, in this article our results show
that when transport costs are close to autarky level, the larger country is more specialized
in the production of low transport cost goods. The results of trade pattern are similar to
the case that two industries differ only in terms of demand elasticity.
The rest of the paper is constructed as follows. Section 2 sets up the model. Section
3 studies the equilibrium of the model. Section 4 accesses the wage differential effect.
Section 5 analyzes the pattern of trade and production specialization. The Section 6
makes some concluding comments.
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3.2 The model
There are two manufacturing industries which employ labor, L, and capital, K. To rule
out the H-O comparative advantage, each consumer is assumed to hold one unit of capital,
so K = L. Capital is perfectly mobile between the countries whereas labor can only move
within a country. The two imperfectly competitive industries are labeled by subscripts k =
1, 2. The market structure is one of Chamberlinian monopolistic competition. There are
many firms in both industries, each employing increasing returns to scale technology and
producing differentiated goods. The two industries can differ in three respects: relative
factor intensities, level of transport costs and elasticity of demand. Home country is
assumed to be larger (θ > 1/2). Asterisk (∗) denotes variables pertaining to Foreign.
3.2.1 Consumers



















is the aggregate consumption of industry k goods produced in both countries. In Eq.(3.1)
σk > 1 is the elasticity of substitution between any pair of differentiated goods in industry
k, nk is the number of industry k goods produced in the home country, cki is consumption
in the home country of industry k good produced in the home country, and mkj is the
amount shipped from the foreign to the home country.
Let ϕ = ϕ2 ≡ τ 1−σ22 be the trade freeness of industry 2. Without loss of generality, we
assume τ1 = τ
β
2 with β ≥ 1. The trade freeness of industry 1 then becomes ϕ1 = ϕ
β(σ1−1)
σ2−1 .
If β = 1, two industries have identical transport costs; if β > 1, transport costs of industry
1 goods are higher than that of industry 2 goods.











where pki is the producer price set by firm i industry k in the home country and p
∗
ki is
the producer price set by firm j in industry k in the foreign country. Maximization of the










The consumer maximizes the sub-utility function subject to the budget constraint to













−σ1P σ1−11 Y. (3.4)
The demand functions for industry 2 goods are derived in the same way.
3.2.2 Firms
The production technology for any variety of each firm needs δk units of labor as the fixed
input, which is assumed to be immobile across the countries. We choose unit of products
so that a marginal input of one unit of mobile capital are required to produce one unit of
each variety. And it is clear that capital can be employed in two countries. Due to the free
mobility of capital, the capital returns in two countries are equalized at equilibrium. We
take this capital return as numeraire. This production technology describes the situation
that labor is used to “design the production line” (Peng et al., 2006) that captures the
diversity of differential products, while capital is used to buy machines and raw materials
(Peng and Zeng, 2014), whose amount is dependent on the quantity of firms’ output.
We assume Samuelson’s iceberg international transportation costs: τ(≥ 1) units of a
manufactured good must be shipped for one unit of requirement in the other country.
The production of each variety is split into domestic and foreign markets. A firm in
industry k producing variety i in Home sets prices of goods to maximize its profit as
Πki = pkiXki − (δkw +Xki), (3.5)
where w is the nominal wage rate of each worker in Home.





Imposing the free entry and exit condition, by setting profits equal to zero, determines
34
the quantity of output required to cover fixed cost:
Xki = (σk − 1)wδk. (3.7)
The firms are assumed to be symmetric, so Eq. (3.7) does not depend on the firm name.
3.3 Equilibrium of the model
In this section, we solve the equilibrium of the model and obtain the equations of equi-
librium distribution of firms which will be used later for studying the production special-
ization and trade pattern.
3.3.1 Equilibrium of the factor market
We turn to the factor market equilibrium conditions. By virtue of Walras’ Law, we only
look at the labor market. The labor market equilibrium condition is




2δ2 = L(1− θ). (3.8)
The left hand sides of the equations are total labor employment and the right hand sides
are total labor supply for each country. On the other hand, the capital market equilibrium
condition is
(σ1 − 1)δ1(n1w + n∗1w∗) + (σ2 − 1)δ2(n2w + n∗2w∗) = L. (3.9)
3.3.2 The equilibrium distribution of firms
We need the product market equilibrium to close the model. If Home (resp. Foreign)
accommodates some firms of industry k = 1, 2, then
























where ϕk = τ
1−σk
k . Each country is endowed with equal capital to labor ratios, hence
Y = Lθ(w + r), Y ∗ = L(1− θ)(w∗ + r∗), (3.12)
where r and r∗ are the capital prices in two countries, which are equal by the perfect
mobility assumption.





L(1− θ) (w∗ + 1)ϕk
ϕknk + n∗k




L(1− θ) (w∗ + 1)
ϕknk + n∗k
= 2σkw
∗δk, k = 1, 2 (3.14)
in an interior equilibrium. By multiplying (3.13) by nk, (3.14) by n
∗
























θw + (1− θ)w∗ = σ1 + σ2
2σ1σ2 − σ1 − σ2
. (3.17)
Equation (3.17) is the average labor income. Adding the capital returns, we obtain
the total average income as
1 + θw + (1− θ)w∗ = 2σ1σ2
2σ1σ2 − σ1 − σ2
.













It is well known that the share of the fixed input is 1/σ in the case of a single industry.
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Interestingly, we find the similar property in which the share becomes the average of two
industries.
Meanwhile, since the RHS of (3.17) is constant, this equation shows that w is negatively
related to w∗. Namely, w increases if and only if w∗ decreases.




∗ in terms of n1 and w:
n∗1 =
Lσ2 − (2σ1σ2 − σ1 − σ2)n1wδ1














− Lσ2 − (2σ1σ2 − σ1 − σ2)n1wδ1










Note that n1 and w can be obtained from two equations (3.13) and (3.14) for two different
industries.
Equation (3.19) and the first equality of (3.20) show that the pair of n1 and n2 and
the pair of n∗1 and n
∗
2 are negatively related.
Finally, in an interior equilibrium, taking the ratio of the equilibrium product market























3.3.3 Autarky and free trade
In the case of autarky, we have ϕk = 0. Eq. (3.13) degenerates to Lθ(1+w)/nk = 2σkδkw
for k = 1, 2. By use of (3.19), we can solve out n1 and w. Meanwhile, equations (3.14),
(3.18)–(3.21) can be used to solve all other variables. Their solutions are
w = w∗ =
σ1 + σ2




δ1 (σ1 + σ2)
, n2 =
Lθσ1
δ2 (σ1 + σ2)
, n∗1 =
L(1− θ)σ2
δ1 (σ1 + σ2)
, n∗2 =
L(1− θ)σ1
δ2 (σ1 + σ2)
. (3.24)
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2. Therefore, the larger country is just
a scale expansion of the smaller country in the case of autarky. In fact, since there is no
trade, the demand and supply of each industry in each country are balanced. On the other
hand, each firm in each industry produces the same amount of output in equilibrium.
To show how wages and firm location change at ϕ = 0, we calculate the derivatives of













= − 2(2θ − 1)σ
2
1σ2






= −L(2θ − 1)σ1σ2








δ2 (σ1 + σ2)













= −L(2θ − 1)σ1σ2
δ2 (σ1 + σ2)
2 < 0. (3.28)
Therefore, w, n2 and n
∗
1 increase while w
∗, n1 and n
∗
2 decrease at ϕ = 0.
While we have only an interior equilibrium at ϕ = 0, the equilibrium at ϕk = 1 can be
either interior or corner. If it is interior again, then (3.23) holds again from Eqs. (3.17)


































is not uniquely determined.
On the other hand, it is possible that there is a ϕ♯ ∈ (0, 1) such that the interior
equilibrium disappears and a corner equilibrium with n∗1 = 0 occurs when ϕ ≥ ϕ♯. Such a
corner equilibrium is given in Appendix C. At ϕ = 1, the wages are given by (3.23) again
while the industrial location at the corner equilibrium is given by
n1 =
Lσ2
δ1 (σ1 + σ2)











Furthermore, to show the dependence of those variable when ϕ approaches 1, we have
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2(1− θ)(2θ − 1)σ22






















= −L(1− θ)(2θ − 1)σ2
δ(σ1 + σ2)
< 0.
Therefore, the wages in Home decreases and the wages in Foreign increases to the same
level of (3.23). Regarding the firm location, industry 1 agglomerates in Home and expands
while industry 2 shrinks and moves to Foreign for ϕ ∈ [ϕ♯, 1].
3.4 The wage differential
There are two kinds of driving forces in this model: the market access effect and the wage
differential effect. The interaction between these two effects determines the production
specialization and the direction of trade. In this section, we assess the wage differential.
Proposition 4 For both interior equilibrium and corner equilibrium, we have w > w∗ for
0 < ϕ < 1.
Proof: Firstly, we show that w/w∗ ̸= 1 for 0 < ϕ < 1 at the interior equilibrium. To the
contrary, assume that w = w∗ for some ϕ ∈ (0, 1). Eq. (3.22) becomes:
θ(nk
n∗k










θ − ϕk(1− θ)




, k = 1, 2.
The above inequalities n1/n
∗
1 > θ/(1− θ) and n2/n∗2 > θ/(1− θ) violate (3.8).
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(1− θ)θ(σ1 + σ2)(2σ1σ2 − σ2 − σ1)
> 0.
Given the same wage level of (3.23) at ϕ = 0, we know that w > w∗ for ϕ ∈ (0, 1) as long
as the equilibrium is interior.
Finally, Appendix C shows that w > w∗ also holds at the only possible corner equi-
librium with n∗1 = 0. Therefore, the positive wage differential of w > w
∗ occurs at any
ϕ ∈ (0, 1), no matter whether the equilibrium is interior or corner. 
The above result is called the home market effect in terms of wages (Takahashi et
al. 2013), which is firstly obtained by Krugman (1980) for the case of a single industry,
saying that “the larger country, other things being equal, will have the higher wage.”
Amiti (1998) and Laussel and Paul (2007) also have the home market effect in terms of
wages. While this effect in Amiti (1998) are restricted in interior equilibrium, we extend
it to the corner equilibrium. On the other hand, unlike Amiti (1998) and this article,
Laussel and Paul (2007) employ a one-factor model. The relation between wage ratio
w/w∗ and transport costs are monotonic. In contrast, the numerical results presented in
Amiti (1998) and this article suggest that the relation between w/w∗ and ϕ is bell-shaped.
3.5 The industrial location and trade pattern
In this section, we focus on three differences between two industries: the relative factor
intensity, the transport costs and the demand elasticity. We study how the differences
affect the firm location and trade pattern when transport costs fall from a prohibitive
level to zero.
As we already said, there are two opposite effects in our model: the market access
effect and the wage differential effect. Reducing transport costs from the autarky level to
some finite level makes the large market more attractive. Because the firms in the smaller
country find that the gain in exports does not offset the sales lost in the domestic market
so the amount of output they can sell is insufficient to cover fixed costs and this leads to
the exit of some firms. On the other hand, the demand for factors in the larger country
would increase. An increase in the demand for capital in the larger country results in
capital flowing from the smaller country to the larger country. In contrast, an increase
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in the demand for labor in the larger country pushes up wages in the larger country
since labor is not mobile. A lower wage rate in the smaller country offsets the locational
advantage of the larger country.
3.5.1 Different factor intensity
Our first case is that two industries only differ in the factor intensity of production.
Namely, we have σ1 = σ2 = σ, β = 1 while δ1 ̸= δ2. The model is completely solved in
this case.
Lemma 3 If two industries only differ in factor, the wages and the firm numbers are
given by
w =
(1− θ)θ(σ − 1) + θσϕ+ (1− θ)[θ + σ(1− θ)]ϕ2
(1− θ)θ(σ − 1)2 + [(1− θ)2 + θ2] (σ − 1)σϕ+ (1− θ)θ (σ2 − 1)ϕ2
, (3.29)
w∗ =
(1− θ)θ(σ − 1) + (1− θ)σϕ+ θ(1− θ + θσ)ϕ2















When ϕ increases from 0 to 1, wage w exhibits a bell shape while w∗ has a U shape.




2 from Eq. (3.22). Then
equations (3.18), (3.19), and (3.20) immediately imply (3.31). Furthermore, (3.29) and
(3.30) can be easily derived from (3.21) and one of (3.13). Now we treat w of (3.29) as a
function of ϕ. Evidently, for any w♯, equation w(ϕ) = w♯ has at most two solutions of ϕ.
Therefore, in the ϕ-w plane, the curve w(ϕ) crosses any horizontal line w = w♯ at most
twice. Given inequality (3.25) at ϕ = 0 and equality (3.23) at both ϕ = 0 and ϕ = 1,
w(ϕ) has a bell shape. Since w and w∗ are negatively related according to (3.17), curve
w∗(ϕ) has a U shape. 
It is noteworthy that the above lemma also shows that wage differential w − w∗ and
w/w∗ evolve as a bell-shaped curve when trade costs fall.
The reason that two countries share the same production pattern for any transport
costs is not mysterious. The fact of equal wages at autarky means that firms in each
industry have the same output. The total output share in industry k across countries
should be equal to the consumption share (or labor share, since preferences are identical).
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2 = θ/(1− θ). On the other hand, the consumption share
between industry 1 and industry 2 goods in each country should be equal to the produc-
tion share n1X1i/n2X2i. It explains the result of n1/n2 = δ2/δ1 at autarky. To explain the
same ratio holds for all trade costs, it is helpful to notice an important difference between
Amiti (1998) and this article. The immobile labor is chosen as fixed input, hence firms
can not move across countries but only move across industries within a country. Suppose
that the transport costs fall to some finite level, firms in industry k have no incentive to
move to the other industry if τ1 = τ2 and σ1 = σ2, since the price and mark-up of each
industry equals when mobile capital is chosen as the only marginal input. Therefore, even
when the transport costs fall, two countries keep the same production pattern.
Although the share of firm location is constant, the trade pattern varies. The larger
country is a net exporter of good k if its total export of good k is larger than its total
import of good k, both being measured in numeraire units. Since there are only two
countries, the larger country is a net exporter of good k if and only if the smaller country
is a net importer of the good. Let Ek be the net export of good k of the larger country.
It is calculated as












Lσ(1− θ)θ(2θ − 1)(1− ϕ)ϕ
2(1− θ)θ(σ − 1) + 2[1− 2θ(1− θ)]σϕ+ 2θ(1− θ)(1 + σ)ϕ2
,
where the last equality is from (3.4), (3.29), (3.30), (3.31), and ϕ1 = ϕ2 ≡ ϕ.
Curve Ek(ϕ) has only one stationary point
ϕ† =
√










> 0, E ′k(1) = −
θ(1− θ)(2θ − 1)L
2
< 0.
Therefore, Ek(ϕ) increases in ϕ in [0, ϕ
†) and decreases in ϕ in (ϕ†, 1].
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Summarizing the above discussion, we obtain the following conclusion regarding the
industrial location and trade patterns when trade costs fall.
Proposition 5 (i) If two industries differ only in factor intensity of production, the firm
number of each industry in each country is independent of trade costs. (ii) The wage rate
in the larger country is higher and the wage differential evolves in a bell shape. (iii) The
larger country is a net exporter of both industry goods. The volume of net export also has
a bell shape.
Note that the capital endowment of each resident in either country is the same. The
capital is mobile. Since the larger country is a net exporter in both industries, the trade
balance condition implies that capital flows from the smaller country to the larger one.
Corollary 1 For ϕ ∈ (0, 1), the larger country is a net importer of capital.
3.5.2 Different demand elasticity
In our second case, two industries are identical in all respects except the demand elasticity.
Namely, δ1 = δ2 = δ, β = 1, σ1 > σ2. We first provides a result for the industry location.
Lemma 4 When two industries differ only in demand elasticity, there exists a ϕ̃2 ∈ (0, 1)













2 when ϕ is close to 1.
Proof: Firm numbers n1 and n
∗
1 are non-negative. According to Appendix C, there exists a
threshold value of ϕ♯, such that n∗1 = 0 for all ϕ ≥ ϕ♯. The detail of this corner equilibrium
is solved in Appendix C, and the uniqueness is shown in Appendix D. Note that n1/n2 −
n∗1/n
∗
2 = 0 at ϕ = 0. By use of Eqs. (3.24), (3.27) and (3.28), the differentiation of











= −(2θ − 1)σ2
(1− θ)θσ1
< 0. (3.32)
Therefore, n1/n2 − n∗1/n∗2 < 0 holds when ϕ is close to zero. Since n1/n2 > 0 = n∗1/n∗2 at
ϕ♯, there exists a ϕ̃2 ∈ (0, ϕ♯) ⊂ (0, 1) at which n1/n2 − n∗1/n∗2 = 0. 
Fig. 3.1 provides a simulation result, in which parameters are given as θ = 0.6, σ1 =





































Figure 3.1: nk and n
∗
k when σ1 > σ2.




2 holds for ϕ ∈ (ϕ̃2, 1]. Namely, the larger country is relatively more
specialized in the production of low-elasticity goods when transport costs are high and is
relatively more specialized in the production of the high-elasticity goods when trade costs
are low.
Now, we analyze the trade pattern. Unfortunately, we have no explicit form for the
wages and firm numbers in this case. However, the derivatives of Ek(ϕ) at ϕ = 0 and








(σ1 + σ2 − 2σ1σ2)2
[






Lθ(1− θ)(2θ − 1) (σ1 + σ2)




2σ1σ2 − σ1 − σ2
> 0,
E ′2(1) = −
Lθ(1− θ)(2θ − 1) (σ1 + σ2) (2σ2 − 1)
2 (2σ1σ2 − σ2 − σ1)
< 0.
Therefore, Ek(ϕ) is positive when ϕ is clost to autarky level. On the other hand, E1(ϕ)
increases while E2(ϕ) decreases when ϕ is close to free trade level. We perform simulations
to show some properties of the net export of the larger country. In Fig. 3.2 the solid line
depicts the net export of high-elasticity goods while the dotted line depicts the net export
of low-elasticity goods. Fig. 3.2 illustrates that the larger country is always a net exporter
of the high-elasticity goods. On the other hand, when transport costs are close to free
trade level, the large country is a net importer of the low-elasticity goods. This result is
different from that of Laussel and Paul (2007) which employ a one-factor model. Since
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the immobile labor is the only factor, the result of trade pattern in Laussel and Paul
(2007) depends on the differential of country size. If the two countries are very different
in size, most firms are located in the larger country. Thus, the larger country is always
a net exporter of the low-elasticity goods. If the two countries are sufficiently similar in
size, a continuous fall in transport costs from a prohibitive level to zero is associated with
a reversal in the pattern of trade at some intermediate level. Finally, we examine the
Industry 1
Industry 2









Figure 3.2: Net exports when σ1 > σ2.




n1 (σ1 − 1)wδ1 + n2 (σ2 − 1)wδ2
n∗1 (σ1 − 1)w∗δ1 + n∗2 (σ2 − 1)w∗δ2
(3.33)
=
(σ2 − 1)wLθ + n1(σ1 − σ2)wδ1
(σ2 − 1)w∗L(1− θ) + n∗1(σ1 − σ2)w∗δ1
,
where the second equality is from Equation (3.19) and the first equality of (3.20).





2 holds only if they are equal to θ/(1 − θ). Therefore, n1/n2 > n∗1/n∗2
implies n1/n2 > θ/(1 − θ) > n∗1/n∗2 so that h/(1 − h) > θ/(1 − θ) holds. Thus capital
employment in the larger country is more than its endowment and capital flows from the
smaller country to the larger country. Similarly, capital flows from the larger country to





The evolution result of industrial location when trade costs fall is summarized as
follows.
Proposition 6 When trade is close to autarky, the larger country is relatively more spe-
cialized in the production of the low-elasticity goods. When trade is close to free, the larger
country is relatively more specialized in the production of the high-elasticity goods.
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Intuitively, the lower is σ, the higher is the mark-up over marginal cost. Suppose a
decrease of price, firms in the industry with lower demand elasticity increase sales more.





2). Again, there is an trade-off between the market access effect and the
wage differential effect. When transport costs are relatively high, the market access effect
dominates. Firms in the larger country succeed in entering the low elasticity industry.
Thus, the specialization degree of the low elasticity industry in the larger country increased
(a decrease of n1/n2). As transport costs continue to fall, the magnitude of market access
effect decreases. On the other hand, the lower wages give the firms in the smaller country
an advantage of entering the low elasticity industry. Now, it’s the wage differential effect
dominates. Firms in the smaller country then succeed in increasing the specialization
degree of industry 2 (a decrease of n∗1/n
∗





fall as transport costs approach the free trade level.
This result is contrastive to Amiti (1998) showing that the smaller country is relatively
more specialized in the production of low-elasticity goods when transport costs are close
to autarky level. The reason is that the wage differential effects in this article and “pro-
duction cost effect” in Amiti (1998) are quite different. A Leontief composite of capital
and labor is chosen as both fixed input and marginal input in Amiti (1998). In other
words, wage rate enters both the fixed cost and marginal cost in Amiti (1998). However,
the wage differential effect arises only from the fixed costs and prices are equal across
countries in this article. In other words, the wage differential effect is weaker in this arti-
cle or Chen and Zeng (2014) which assume labor as marginal input than in Amiti (1998).
When trade is close to autarky (market access effect is more stronger), the market access
effect dominates and the larger country has a higher degree of production specialization
in the low-elasticity industry.
On the other hand, when transport costs are close to the free trade level, our result
is consistent with Amiti (1998) which shows that the larger country specialize in the
production of high-elasticity goods. At integration levels close to free trade, where the
wage differences between the two countries are small, the market access effect dominates
in both Amiti (1998) and this article. This result is starkly contrastive to the known home
market effect in terms of firm share when the economy space has a single manufacturing
sector and an agricultural sector. The agricultural good is homogeneous so its demand
elasticity is infinitely high. Existing results of such models exhibit that the larger country
accommodates more-than-proportionate of the manufacturing firms. Our different result
can be attributed to the fact that there is no fixed costs in the agricultural production
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Table 3.1: A comparison among Amiti (1998), Chen and Zeng (2014) and this article
Effect
Model
Amiti (1998) Chen and Zeng (2014) This article
Trade freeness ϕ → 0 ϕ → 1 ϕ → 0 ϕ → 1 ϕ → 0 ϕ → 1
Wage Differential Effect +++ ++ ++ + ++ ++














and there is no wage differential due to the assumption of free trade of agricultural good
in the existing models. If we suppose firms use capital as their fixed input and labor as
their marginal input to produce, as assumed in Chen and Zeng (2014), the low-elasticity
firms show stronger agglomeration forces than do high-elasticity firms. Therefore, at an
integration level close to free trade, low-elasticity firms, which enjoy higher markups,
agglomerate in the larger country. A comparison of results among Amiti (1998), Chen
and Zeng (2014) and this article is summarized by Table 3.1. We use “+” to denote unit
of magnitude of the two effects. Meanwhile, a tiny “+” denotes the magnitude which is
considered to be less than one unit.
3.5.3 Different levels of transport costs
In our third case, two industries are identical except their trade costs: δ1 = δ2 = δ,
σ1 = σ2 = σ but τ1 > τ2 (i.e., β > 1). Namely, industry 1 goods are bulkier to transport.
Similar to Lemma 4, we have the following conclusion on industrial location.









2 when ϕ is close to 1.
















Fig. 3.3 gives a simulation result in which parameters are given as θ = 0.6, β = 2, σ =
3, δ = 1. We can visually see the threshold value ϕ̃3, above which the larger country is



































Figure 3.3: nk and n
∗
k when τ1 > τ2
Now, we turn to analyze the trade pattern. Unfortunately, we are unable to explicitly
solve the wages and firm numbers in this case. However, the derivatives of Ek(ϕ) at ϕ = 0







[2β(2θ − 1)(σ − 1)σ + o(ϕ)] > 0,
E ′1(1) =







E ′2(1) = −
L(1− θ)θ(2θ − 1)(2σ − 1)
2(σ − 1)
< 0.
Therefore, Ek(ϕ) is positive when ϕ is close to autarky level. On the other hand, E1(ϕ)
increases while E2(ϕ) decreases when ϕ is close to free trade level. We perform some
simulations to reveal the trade pattern in the larger country. Fig. 3.4 illustrates that the
larger country is always a net exporter of the high transport cost goods. On the other
hand, when trade is close to free, the larger country is a net importer of the low transport
cost goods.
Finally, we check the capital movement by use of the capital employment ratio equation











The capital employment in the larger country is more than its endowment. Capital flows
from smaller country to larger country at all transport cost levels.
Industry 1
Industry 2









Figure 3.4: Net exports of Country 1 when τ1 > τ2
We summarize the result of industrial location and trade pattern as follows.
Proposition 7 When trade is close to autarky, the larger country is relatively more spe-
cialized in the production of low transport cost goods and is a net exporter of the low
transport cost goods. When trade is close to free, the larger country is relatively more
specialized in the production of high transport cost goods and is a net export of the high
transport cost goods. Capital flows from the smaller country to the larger one.
The intuition behind the results is similar to Case 2. While Amiti (1998) assumes a
Leontief composite of labor and capital as their fixed and marginal inputs, we assume the
immobile labor as fixed input in this model. Firms can only move across industries within
a country. As transport costs fall from autarky to a finite level, firms in both countries





transport costs of industry 2 goods are lower. The interaction between the market access
effect and the wage differential effect determines the results. Specifically, when transport
costs are high, the market access effect is strong. Firms in the larger country succeed in
entering the low transport cost industry (a decrease of n1/n2). As transport costs are
close to free trade, the magnitude of market access effect decreases. On the other hand,
the lower wages give the firms in the smaller country an advantage of entering the low
transport cost industry (a decrease of n∗1/n
∗
2 ). The wage differential effect dominates and
Fig. 3.3 illustrates that n∗1/n
∗
2 continues to fall as transport costs are closing to free trade
level.
This result contrasts with Amiti (1998) showing that the larger country is always more
specialized in production of the high transport cost goods. This difference in the results
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between Amiti (1998) and our model can be intuitively explained as follows. First of all,
mobile capital is chosen as one of the fixed input in Amiti (1998). The larger country
is more attractive for firms in the high transport cost industry because they can save on
transport costs there. The market access effect dominates, firms in the high transport
cost industry relocate to the large market. In contrast, in our model, immobile labor
is chosen as the fixed input. Firms can only move across industries within a country.
Therefore, firms in the high transport cost industry only try to move to the low transport
cost industry domestically.
Secondly, the wage differential effects in this article and “production cost effect” in
Amiti (1998) are quite different. As discussed in Section 5.2, wages enter both the fixed
cost and marginal cost in Amiti (1998). However, the wage differential effect arises only
from the fixed costs and prices are equal across countries in this article. In other words,
the wage differential effect is weaker in this article than in Amiti (1998). Therefore, when
trade is close to autarky (market access effect is more stronger), the market access effect
dominates and the larger country has a higher degree of production specialization in the
low transport cost industry.
3.6 Conclusion
In this article, we study how different industries locate and what are the trade patterns
when countries have different size. Both industries have technologies of increasing returns
to scale. They may differ in factor intensity, demand elasticity, and trade costs. We have
shown how the equilibrium results from the interplay of two forces, the market access
effect and the wage differential effect. We demonstrate the home market effect in terms
of wages not only in interior equilibrium but also in corner equilibrium. Unlike existing
literature, we choose mobile capital as marginal input, thus the prices are equal between
countries in this article. We seek to contribute to the literature by showing that if prices
are equal across countries in each industry, some new results can be generated.
We obtain the following conclusions. First, if two industries differ only in factor




2) for any trade
costs. The wages in the larger country is higher and the wage differential evolves in a bell
shape when trade costs fall. The larger country is a net exporter of both industry goods.
The volume of the net export also evolves in a bell shape.
Second, if two industries differ only in demand elasticity, the larger country is relatively
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more specialized in the production of low-elasticity goods when trade is close to autarky;
the larger country is relatively more specialized in the production of high-elasticity goods
when trade is close to free. Our results suggest that the larger country is a net exporter
of both industry goods when trade is close to autarky. The net export of high-elasticity
goods increases and that of low-elasticity goods decreases when trade is close to free.
Third, if two industries differ only in transport costs, the larger country is relatively
more specialized in the production of low transport cost goods and hence a net exporter of
these goods when trade is close to autarky; the larger country is relatively more specialized
in the production of high transport cost goods and hence a net exporter of these goods





This chapter includes two parts. In the first part, we build a model to analyze location
subsidy issues. Location subsidies are often used by policy makers to induce firms to
relocate from agglomerated places to undeveloped regions. As a notable research, Baldwin
and Okubo (2006) build a model that marries the footloose capital model of Martin and
Rogers (1995) and the heterogeneous-firm-trade model of Melitz (2003). As one of the
results, they provide a theoretical prediction for the impact of a lump sum subsidy. They
argue that a fixed amount of subsidy per-firm would always attract the least productive
firms since they have the lowest opportunity cost of leaving the agglomerated region.
Based on the framework of Baldwin and Okubo (2006), Okubo (2012) integrates
schemes of different types of subsidy. While Baldwin and Okubo (2006) analyze the
relocation impact of lump sum subsidy, Okubo (2012) considers a relocation subsidy that
is proportional to the firm’s profits. Okubo (2012) analyzes the welfare effects of local
and global tax financing scheme, and he finds that there exists an optimal level of subsidy
for the periphery.
Ottaviano and Ypersele (2005) put forward questions that does tax competition dis-
tort the international allocation of capital and flow of goods, thus yielding inefficiencies?
Are these efficiencies related to the extent of trade integration? They build a general-
equilibrium model with two countries and two governments that independently play a
capital-income tax competition game. They show that when trade costs are high, tax
competition for mobile firms is efficiency-enhancing with respect to the free market out-
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come. However, this result is reversed as trade costs fall and clustering becomes efficient.
Furthermore, unless the trade costs are low enough, only international tax coordination
can implement the efficient spatial distribution firms.
In our model, we compare the welfare effects of two different schemes of capital location
subsidy. The first scheme of location subsidy is identical to the one employed by Baldwin
and Okubo (2006), a subsidy that is targeted at fixed input per-firm. The second one
is a subsidy targeted at marginal input (Davin, 2009). We show that these two schemes
are both effective to attract mobile firms. However, the welfare implications for the zero-
subsidy region are different. Specifically, location subsidy targeted at marginal input not
only attracts mobile firms but also benefits the zero-subsidy region by lowing the exported
good price. This welfare implication might be meaningful for a central government to
balance its regional welfare.
In the second part of this chapter, we build a model where two countries compete for
the location of a fixed number of mobile firms by providing export subsidies. Haulfer and
Wooton (2006) set up a tax competition model to check how the country’s tax policy
affects firm’s location decision. In their model, three countries play a game to attract a
foreign monopolist. Haufler and Wooton (2010) analyze how two countries set their tax
policies to attract a fixed number of oligopolistic firms. They use the quadratic utility
function and successfully show the location rent. Employing the framework of Haufler and
Wooton (2010), we illustrate that, at the symmetric Nash equilibrium, the level of export
subsidy first increases and then decreases, evolves in a bell-shaped pattern in economic
integration. On the other hand, we find that the welfare first decreases and then increases
as trade costs decline.
4.2 Optimal subsidy: implication from footloose cap-
ital model
4.2.1 The model
We adopt the footloose capital model (Martin and Rogers, 1995) to our spatial economy
of two regions (1 and 2), and two sectors (manufacture, M , and agriculture, A). They are
symmetric in terms of tastes, technology, openness to trade and factor endowments. L
and K denote the amounts of labor and capital in the space, respectively. To rule out the
Heckscher-Ohlin comparative advantage, individuals in two regions are assumed holding
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the same amount of capital. Labor is mobile between sectors but immobile between
countries, capital can move globally. θ and k denote the labor share and the firm share
in region 1, respectively.
Individuals in the two regions share the same Cobb-Douglas tastes for the two types










where N is the number of varieties in sector M and c(i) is the consumption of variety
i; σ > 1 represents the elasticity of substitution between two manufactured varieties.
ρ ∈ (0, 1) is the expenditure share on good M . As in most related papers, we assume
Samuelson’s iceberg transport costs. Specifically, τ ≥ 1 units of the good M must be
shipped for one unit to reach the other region.
The productivities are assumed to be identical across countries in either sector. Since
the main focus of this article is the impacts of subsidies on location of industry and its
welfare implications, we make assumptions that keep the A sector as simple as possible.
Specifically, the agricultural sector is assumed to produce a homogeneous good under
Walrasian conditions and its output is traded costless. The A-sector good is chosen as
numeraire. The technology of one unit of labor produces one unit of A-sector good and
perfect competition implies: p1A = p
2
A = w1 = w2 = 1.
Firms are monopolistically competitive in the manufacturing sector, under which each
firm produces a single differentiated good. We choose units of capital and manufactured
good so that a fixed input of one unit of capital and a marginal input of (σ − 1)/σ units
of labors are required to produce on unit of a variety. To produce q units of output, the





where ri is the unit return of capital in region i.
4.2.2 Subsidy to fixed input and the welfare implication
We now suppose that the government provides location subsidies to attract more firms to
region 2. Consider first the use of subsidy by the government that reduces the per-period
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fixed input of firms located in region 2 by the amount of ur2. For example, this subsidy
could take the form of the construction of infrastructure such as roads or factories. Then
the profit of firms are:
π1 = (p11 −
σ − 1
σ
)(d11 + τd12)− r1, (4.1)
π2 = (p22 −
σ − 1
σ
)(d22 + τd21)− (1− u)r2. (4.2)
Throughout the analysis, the policies are assumed to be “budget-neutral”, in the sense
that the subsidy bill is exactly paid for by revenues raised from a tax on local labor (local
tax financing). With a fixed input subsidy, the income tax rate, T , must therefore satisfy
the following equation to balance the budget:
(1− k)Kr2u = (1− θ)Lw2T. (4.3)
In the short-run equilibrium, for a given firm share k, capital owners decide the optimal
output and prices to maximize their profits, consumers maximize their utility and all
markets clear. The monopolistic competition framework of Dixit and Stiglitz (1977)
implies
p11 = 1, p12 = τ, p22 = 1, p21 = τ. (4.4)
















where Pi are price index of good M in country 1, 2, respectively. They are defined by
P1 = {[k + ϕ(1− k)]K}
1
1−σ , P2 = {[kϕ+ (1− k)]K}
1
1−σ , (4.5)
where ϕ ≡ τ 1−σ is the trade freeness of good M across countries. The total income Yi in
region i = 1, 2 are
Y1 = θK[kr1 + (1− k)r2] + θL, (4.6)
Y2 = (1− θ)K[kr1 + (1− k)r2] + (1− θ)L(1− T ). (4.7)
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By the free-entry condition, the operating profit earned by a typical firm is just sufficient























In the long-run equilibrium, capital moves across regions in search of the highest nominal
returns. In an interior equilibrium, firms are located in both countries, r1 = r2 ≡ r implies[
Y1





(1− u) = ϕY1














Substitute Y1, Y2 and u into equations above, we solve
r =
Lρ+ LT (1− θ)(σ − ρ)
K(σ − ρ)
, u =
(σ − ρ)(1− θ)T
(1− k)[ρ+ T (1− θ)(σ − ρ)]
.
It implies that the subsidy u is endogenously determined by tax rate T and firm share k.
Obviously, it increases with tax rate. And for given tax rate, if firms agglomerate more
in region 1, it requires more financial incentives to attract them.








Q1 =(1− ϕ){ρσ[1− 2ϕ+ θ(1 + ϕ)] + T (1− θ)(σ − ρ)[σ(1− ϕ) + θρ(1 + ϕ)]},









Q3 =σ(1− ϕ)2[ρ+ T (1− θ)(σ − ρ)].
In the long-run equilibrium, zero profit implies that firms in region 2 produce less after
getting subsidy from government. Each firm supplies less output after getting subsidy
56
from government, mobile firms are attracted to region 2 to satisfy the local demand.
As trade costs decrease more, firms find it more profitable to invest in region 2 to serve
local demands. We perform simulation to show that different from footloose capital model,
subsidy to fixed costs makes region 2 more attractive to mobile firms. Even in the autarky
case, subsidy is an effective policy to attract mobile firms. When T = 0, it’s exactly the








Figure 4.1: k in terms of ϕ, Solid T = 0.3, Dotted T = 0.2, Dash T = 0.1.
standard footloose capital model. As tax rate raised, firms relocate to the subsidy region.
In order to investigate the impact of subsidies on welfare, we calculate the utility levels
of typical individuals in two regions:
ω1 =
σ + T (1− θ)(σ − ρ)




σ − Tθ(σ − ρ)




Substitute k into equations above, we want to investigate whether an optimal tax rate T ∗
exists for region 2 government. Unfortunately, such an optimal tax rate T ∗ is not solvable
here. Our simulation illustrates that residents in region 1 get worse-off as tax rate raised.
Obviously, local price index increased as mobile firms relocate to the subsidy region. On
the other hand, the welfare of resident in region 2 first increases and then decreases. For
given trade freeness ϕ, Fig. (4.2) shows that there exists an optimal tax rate T ∗ which
maximizes the welfare of the subsidy region.
4.2.3 Subsidy to variable input and the welfare implication
What happens if the financial incentives are targeted towards the variable input of pro-
duction instead? Many of such incentives are offered in practices, such as job-creation
subsidies or corporate tax rate cuts, etc.. I show below that the welfare implications are
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Figure 4.2: Welfare in terms of T , Solid ϕ = 0.7, Dotted ϕ = 0.6, Dash ϕ = 0.5
different for the zero-subsidy region.
Now, for a firm in region 2, the profit is
π∗2 = [p22 −
σ − 1
σ
(1− u)](d22 + τd21)− r2.
As before, suppose that these subsidies are financed by levying an income tax, Tv, on each
local labor. Then the budget balance condition becomes to:
(1− k)Kr2(σ − 1)u
(1− u)
= (1− θ)LTv. (4.14)
Since the prices are determined by marginal costs, subsidy to variable costs change the
price and demand to:
p11 = 1, p12 = τ, p22 = 1− u, p21 = τ(1− u). (4.15)















where Pi are price index of good M in region 1, 2, respectively. They are defined by
P1 = {[k + ϕ(1− k)(1− u)1−σ]K}
1




With equation (4.14), we obtain
u =
Tv(1− θ)(σ − ρ)
Tv(1− θ)σ(1− ρ)− ρ(1− σ)− ρk[1− Tv(1− θ)](σ − 1)
. (4.17)
In the long-run equilibrium, r1 = r2 implies
Y1[1− ϕ(1− u)1−σ]
k + ϕ(1− k)(1− u)1−σ
=
Y2[(1− u)1−σ − ϕ]
kϕ+ (1− k)(1− u)1−σ
. (4.18)
Substitute u to the equation above, we obtain an equation which determines k implicitly.
We perform simulation to show that for given tax rate, k decrease in trade freeness. If the









Figure 4.3: k in terms of ϕ (subsidy to variable costs), Solid T = 0.3, Dotted T = 0.2,
Dash T = 0.1.
incentives are targeted towards variable costs, the subsidy region becomes more attractive,
and firms agglomerate in the subsidy region in trade liberalization. Similarly, substitute
equation (4.17) and the new price index into equation (4.13) to obtain the utility levels
of typical individuals in two countries. Our simulation illustrates that individual welfare
in region 1 first decreases and then increases as tax rate raised. Intuitively, mobile firms
move to the subsidy region as the tax rate raised, which causes a higher price index
of the zero-subsidy region. On the other hand, different from subsidy to fixed input,
the imported good price of zero-subsidy region decreases as the marginal input targeted
subsidy rate increases. This in turn, decreases the price index of the zero-subsidy region.
As a result of interaction of this two forces, the welfare of the zero-subsidy region increases
when trade costs are close to free trade level.
Meanwhile, the welfare of resident in region 2 first increases and then decreases. For
given trade freeness ϕ, Fig (4.4) shows that there exists an optimal tax rate T ∗v which
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maximizes the welfare of region 2.
















Figure 4.4: Welfare in terms of Tv (subsidy to variable costs), Solid ϕ = 0.7, Dotted
ϕ = 0.6, Dash ϕ = 0.5.
4.3 Export subsidy competition for firms in an oligopolis-
tic industry
4.3.1 The model
We consider a regional economy with two countries j = a, b, that compete to attract a
fixed number of firms by providing export subsidies. Exporting good to foreign country
involves trade costs. These firms produce a homogeneous good, x, in an oligopolistic
industry. In addition, a traditional sector produces good z under perfect competition.
The two countries are identical and there are n workers in each. Without loss of generality,
the population of the region is normalized to unity and we have n = 0.5. The residents
of countries a and b earn only wage income, while profit income in the modern sector
accrues to capital owners that reside in a third (outside) country. Every household in the
region supplies a single unit of labor. The wage rate in each country is determined in the
traditional, numeraire industry, which uses labor as the only input and is assumed to be
always active in both countries. Free trade in the numeraire good therefore equalizes the
wages across the countries as w.
Consumers in both countries have identical preferences for the goods, given by




2 + zi, i ∈ {a, b}. (4.19)
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Total export subsidy bill Si is exactly paid for by revenues raised from a tax on local
labor. The budget constraint for a representative consumer in country i is then
w − Sa
n
= za + paxa, w −
Sb
1− n
= zb + pbxb, (4.20)
where pi is the price of good x in country i. Utility maximization leads to inverse-demand









We assume that there are q firms in the modern sector, each based in a third country
and prepared to invest in the region. Each firm possesses one unit of “knowledge capital”
such as a license or franchise (Haufler and Wooton, 2010) to produce that can be profitably
employed in the imperfectly competitive industry x. Each firm sets up a single production
plant in the region and serves the regional market from either country a or country b.
The modern firms are assumed to be identical with respect to their technology and can
move between countries. Location matters because, since there are trade costs associated
with exports to a firm’s foreign market. Thus each country’s market may be served by
both “local” firms that produce domestically and “foreign” firms that are based in the
other country.
Labor is the only variable input in good x production. Each unit of good x requires
the efforts of a single worker and hence the marginal cost of production is w. Since wage
costs are equalized between the two countries, they do not enter the location decision of
firms in our model. The cost of exporting each unit of output is τ , which effectively raises
the marginal cost of serving the foreign market to w+ τ . The trade costs are assumed to
take the form of transport costs, administrative barriers to the free movement of goods
between countries.
Firms are assumed to behave as Cournot competitors and are able to segment their
markets, choosing the quantities to sell on their domestic and export markets indepen-
dently. The total operating profit of each firm, which equals the return to the required
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unit of knowledge capital, is thus defined as
πa = (pa − w)xaa + (pb − w − τ)xba, (4.22)
πb = (pb − w − τ)xab + (pb − w)xbb,
where πj is the pre-subsidy profit of a firm based in country j and xij represents sales in
country i by a firm based in country j (i, j ∈ {a, b}). As a firm is at a cost disadvantage
in its export market due to the marginal cost of servicing foreign consumers, an exporter
will sell less in a market than an indigenous rival.
Suppose that λ share of firms are located in country a and the remaining firms produce
in country b. Maximizing (4.22) taking into account demand (4.21), yields output levels
per firm:
xaa =
n[α− w + q(1− λ)τ ]
γ(1 + q)
; xba =




(1− n)(α− w + qλτ)
γ(1 + q)
; xab =
n[α− w − (1 + qλ)τ ]
γ(1 + q)
.
We focus on the cases where the trade costs are sufficiently low to ensure that xba ≥ 0,
xab ≥ 0 and each firm exports into the foreign country’s market. From equation (4.23)
and in the symmetric situation, both countries will export if
α− w − (1 + q
2
)τ > 0. (4.24)





We assume throughout the following analysis that this condition is met. 1
Equilibrium prices in each market are:
Pa =
α+ qw + q(1− λ)τ
q + 1
; Pb =
α + qw + qλτ
q + 1
. (4.26)
1Eq.(4.24) is also a necessary (but not a sufficient) condition for exports to occurs into both markets
when countries differ in size.
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Notice that having more firms producing locally intensifies domestic competition and
drives down consumer prices.
Substituting Eqs.(4.23) and (4.26) into Eq.(4.22) yields the pre-subsidy profits of firms
in each country:
πa =
n[α− w + q(1− λ)τ ]2
(1 + q)2γ
+




(1− n)(α− w + kλτ)2
(1 + k)2γ
+
n[α− w − (1 + kλ)τ ]2
(1 + k)2γ
;
In order to attract foreign firms, governments provide export subsidy to local firms. Since
our main interests are the impact of export subsidy on the location decisions of firms. We
assume that export subsidy has no influence on firm’s output decision. Specifically, for
each unit of export good, local government provides si > 0 amount of export subsidies to
firms. Throughout the analysis, the policies are assumed to be “budget-neutral”, in that
the subsidy bill is exactly paid for by revenues raised from a tax on local labor. Thus,
the locational equilibrium for the industry is characterized by
πa + xbasa = πb + xabsb. (4.28)
Then total export subsidy bills are
Sa = qλxbasa; Sb = q(1− λ)xabsb. (4.29)
Substituting (4.23) and (4.27) into the location equilibrium equation (4.28), we obtain
the firm share of country a
λ =
(2n− 1)(2α− 2w − τ) + qτ
q[2τ − (1− n)sa − nsb]
+
(1− n)(α− w − τ − qτ)sa − n(α− w − τ)sb
qτ [2τ − (1− n)sa − nsb]
. (4.30)
Governments maximize the welfare of their representative consumers. To derive aggregate
welfare in each country, we use the budget constraint (4.20) to substitute out for the
consumption of the numeraire good zi in the individuals’ utility function and employ the
inverse demands to eliminate pi. Further employing xa = Xa/n and xb = Xb/n, using the
equilibrium prices from Eq.(4.26) in the market demand functions (4.21) and aggregating
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over consumers yields:
Wa = nua = Ca − Sa + nw, Wb = nub = Cb − Sb + nw, (4.31)
where Ci is country i’s total consumer surplus in market x:
Ca =
nq2[α− w − (1− λ)τ ]2
2γ(1 + q)2
, Cb =
(1− n)q2(α− w − λτ)2
2γ(1 + q)2
. (4.32)
The governments face a trade-off when they decide the optimal export subsidy level. A
rise in the share of firms located in country a raises consumer surplus in that country but
lowers it in country b because consumer prices are lower when more firms produce locally.
This gives each nation an incentive to provide higher export subsidy to attract firms to
its home jurisdiction. On the other hand, higher export subsidy hurts local residents by
lowing their income.
4.3.2 Equilibrium subsidy and location
We evaluate the first-order condition for the optimal export subsidy at n = 0.5. We
substitute Eqs.(4.29), (4.30) and (4.32) into Eq.(4.31) and differentiate each country’s
welfare expression with respect to its own export subsidy rate. This yields closed-form




[2− (3 + 2q)τ
α− w − (1 + q)τ
], (4.33)
From Eq.(4.33) we can determine the critical level of trade costs τ ∗ at which the equilib-





Comparing the critical value τ ∗ with the prohibitive trade cost determined in Eq.(4.24)
shows that τ ∗ < τ p for all q ≥ 2. Then we assume τ < τ ∗ is met throughout our analysis.
How are the symmetric Nash equilibrium tax rates affected by a decrease of trade
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q[(1 + q)(5 + 4q)τ 2 − 2(5 + 4q)(α− w)τ + 2(w − α)2]
2(1 + q)[α− w − (1 + q)τ ]2
. (4.35)
The relationship between the level of trade costs and the equilibrium export subsidy in

















































Figure 4.5: Nash equilibrium export subsidy in the symmetric equilibrium.
Proposition 8 In the symmetric Nash equilibrium, as economic integration proceeds
(trade costs are continuously reduced), equilibrium export subsidy rates first rise and then






2(1 + q)[α− w − (1 + q)τ ]2
,
where,
F (τ) ≡ (1 + q)(5 + 4q)τ 2 − 2(5 + 4q)(α− w)τ + 2(w − α)2.
F (τ) = 0 has two positive roots
τ =
(5 + 4q)(α− w)−
√
(3 + 2q)(5 + 4q)(w − α)2
(1 + q)(5 + 4q)
,
τ =
(5 + 4q)(α− w) +
√
(3 + 2q)(5 + 4q)(w − α)2




τ − τ ∗ = −2(3 + 2q)(α− w)
2
(5 + 4q)[(3 + 2q)(α− w) +
√
(3 + 2q)(5 + 4q)(α− w)2]
< 0;
τ − τ ∗ =
(3 + 2q)(α− w) +
√
(3 + 2q)(5 + 4q)(w − α)2
(1 + q)(5 + 4q)
> 0.
Together with F (0) = 2(α − w)2 > 0, it implies that ∂ss
∂τ
is positive when τ ∈ [0, τ) and
negative when τ ∈ (τ , τ ∗]. Therefore, as τ decreases, the equilibrium subsidy rate first
rise and then decrease. 
4.3.3 Economic integration and national welfare
We now turn to the welfare effects of economic integration and start again with the bench-
mark case of symmetric countries. Substituting Eqs.(4.32), (4.29), (4.33) into Eq.(4.31)
and setting λ = 1/2 yields the maximized welfare for each country
Ws =
1
16(1 + q)2γ[α− w − τ(1 + q)]
{4(α− w)[q2(α− w)2 + 2(1 + q)2wγ] (4.36)
− 4[q2(3 + q)(w − α)2 + 2(1 + q)3wγ]τ + q2(19 + 14q)(α− w)τ 2
− q2[11 + 2q(7 + 2q)]τ 3}.





16(1 + q)2γ[α− w − τ(1 + q)]2
, (4.37)
where
Q(τ) ≡2(1 + q)[11 + 2q(7 + 2q)]τ 3 − [52 + q(75 + 26q)](α− w)τ 2
+ 2(19 + 14q)(α− w)2τ − 8(α− w)3.
Lemma 6 For τ ∈ [0, τ ∗], ∂Ws
∂τ
= 0 has one and only one root.
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Proof: Differentiate Q to τ , we have
∂Q
∂τ
= 2[w − α + τ(1 + q)][(19 + 14q)(w − α) + 3(11 + 2q(7 + 2q))τ ].
The above equation is a quadratic function of τ . ∂Q
∂τ
= 0 has two roots
τS =
(19 + 14q)(α− w)






∗ < τL implies that
∂Q
∂τ
= 0 has one and only one root when when τ ∈ [0, τ ∗].
Furthermore, we have




It means Q(τ) = 0 has at one and only one root when τ ∈ [0, τ ∗]. Therefore, ∂Ws
∂τ
= 0 has





































Figure 4.6: Welfare effects of economic integration.
Proposition 9 In the symmetric Nash equilibrium, the welfare of each country involves
in an U-shaped pattern in terms of trade costs τ ∈ [0, τ ∗]. The shape of Ws in terms of τ









= q2(3 + 4q)(α−w)/4(1 + q)(3 +
2q)(5+4q)γ > 0. Lemma 1 proves that ∂Ws
∂τ
= 0 has one and only one root for τ ∈ [0, τ ∗].
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In this dissertation, we study the issues of offshoring, inter-industry trade and tax compe-
tition by employing NEG and NTT methodology. Doubtlessly, the assumptions used in
this dissertation may change in the future. Progresses in both NEG and NTT literature
have been tying the theoretical frameworks closer and closer to the real world. Nonethe-
less, models built in this dissertation reveals several economic implications in international
trade, industry location and tax competition.
Firstly, we examine endogenous offshoring by building a general equilibrium model. We
explain how the movement of offshoring and onshoring can be endogenously determined
and associated with the changing wage differential in the process of globalization. We
further disclose how the welfare levels of related workers change with trade liberalization
and ICT improvement (falling offshoring costs). Contrast to existing literature such as
Fujita and Thisse (2006) and Robert-Nicoud (2008) where the analyses are restricted to
the case of full agglomeration only, the economic distribution and offshoring volume are
endogenously determined in our model.
Second, we illustrate how the size of a country matters in determining its production
specialization and trade pattern with multiple industries by building a general equilibrium
model. Specifically, we allow the two industries differ in three aspects: factor intensities,
transport costs and demand elasticities. We find that the production specialization and
trade pattern are the results of the interaction of two effects: the market access effect and
the wage differential effect. On the other hand, we observe the HME in terms of wages
(Takahashi et al. 2013) in our model. While this effect in Amiti (1998) is restricted in
interior equilibrium, we show it both in interior and corner equilibrium.
Third, we build two models in Chapter 4 to analyze the issue of tax competition and
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optimal subsidy. By virtue of the properties of footloose capital model, we demonstrate
that two schemes of location subsidy policy have different welfare implications. Mean-
while, our simulation results imply that there exists an optimal level of subsidy. In the
second model, the export subsidy rate evolves in a bell-shaped pattern in terms of trade
costs at a symmetric Nash equilibrium. Furthermore, the level of welfare evolves in a
U-shaped pattern in economic integration.
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Appendix A. Proof of Lemma 1
Since µ < 1, we have
µ2A0 =σ
[
























On the other hand, since µ ≥ µmin, we have ∆2 ≥ 0 so that
σ2
[
θµ2 − (1− θ)µ
1
σ−1






















= 4σ[θµ2 − (1− θ)µ
1























θµ2 − (1− θ)µ
1
σ−1










where the inequality comes from (A3). The above relationship shows
σ[θµ2 − (1− θ)µ
1
σ−1 ]− 2θ(1− θ)(1− µ
1





















































where the second inequality is from (A4). The above proves conclusion (i).
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To prove conclusion (ii), we let
































(ϕ− ϕ♯)(ϕ♯ − ϕ)A0. (A5)
Since ϕ ̸= ϕ♯ by conclusion (i), equation ϕ♯ = ϕ of µ is equivalent to equation B(µ) = 0
for µ ∈ [µmin, 1).







(ϕ− ϕ♯)2A0 < 0,
where the inequality is because of ϕ ̸= ϕ♯ again. On the other hand, B(1) = σ(2θ−1) > 0,
we know that B(µ) = 0 has at least one solution in [µmin, 1). To prove the uniqueness of
this solution, we consider three cases.









holds for all µ ∈ (0, 1), the inequality ensures the uniqueness of µ∗.









The inequality also implies the uniqueness of µ∗.
Case (iii): σ ∈ (2θ, 2). Since B(µ∗) = 0, we obtain




















































where the first inequality is from σ > 2θ. The second inequality derives the uniqueness
of µ∗ again.
Appendix B. Proof of Lemma 2






























σ−1 A0 + 4σθ(1− θ)µ2 − 2µ(1− θ)A0
>0 (B2)
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hold, where the first inequality is from the fact of ϕ < 1 and the second inequality is from
(B1). We then have





























































where the first inequality is because C(ϕ, µ) increases in ϕ, and the second inequality is
from the fact of ϕ > 0 and (B2).
Appendix C. The corner equilibrium (ϕ2 ≡ ϕ)
We examine a possible corner solution n∗1 = 0. By use of the labor market equilibrium
equations, we can obtain n∗2, n2, w and w













δ1n1(2σ1σ2 − σ1 − σ2)
, w∗ =
δ1n1(σ1 + σ2)− Lθσ2
(1− θ)δ1n1(2σ1σ2 − σ1 − σ2)
.




L(1− θ) (1 + w∗)ϕ
ϕn2 + n∗2
− 2σ2wδ2 = 0,
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we obtain An21 − Bn1 + C = 0, where
A ≡2δ21σ2 (σ1 + σ2)ϕ > 0,
B ≡Lδ1{(1− θ)
[
θ (σ1 + σ2) + 2(1− θ)σ1σ2 + 2σ22
]
ϕ2
+ 2θσ2 (σ1 + 2σ2)ϕ+ (1− θ) [θσ1 (2σ2 − 1) + σ2 (2σ2 − θ)]} > 0,
C ≡L2σ2
[







This quadratic function of n1 has two roots











In the case of n1b, we have
n2 = n2b ≡





from (C1). Multiply the numerator of n2a and n2b, we have
(2ALθ − Bδ1)2 − δ21(B2 − 4AC) = −4AL2δ21(1− θ)Φ(ϕ),
where









θ[(1− θ)(2σ − 1)σ2 + θσ1]
{
θ3(2σ2 − 1)[θ + 2(1− θ)σ2](σ1 − σ2)2
+ 2θ2σ2[σ2 + θ(σ2 − 1)(2θ − 1 + 4(1− θ)σ2)](σ1 − σ2)
+ (2θ − 1)σ22[(1− θ)(1 + θ + 2θ2)σ22 + θ2(2θ − 1)(2σ2 − 1)]
}
>0,
and where the inequality is due to σ1 ≥ σ2. Accordingly, inequalities n2b < 0 < n2a
hold for all ϕ ∈ [0, 1], so we only have n1 = n1a and n2 = n2a in this corner equilibrium.
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Consequently,
w − w∗ = Lσ2 − δ1(σ1 + σ2)n1a
δ1n1a(2σ1σ2 − σ1 − σ2)(1− θ)
=
√
B2 − 4AC + 4Lσ22δ1ϕ− B
4δ21σ2ϕn1a(2σ1σ2 − σ1 − σ2)(1− θ)
.
If 4Lσ22δ1ϕ − B ≥ 0, we obtain w − w∗ ≥ 0 immediately. When 4Lσ22δ1ϕ − B < 0, the
numerator is still positive since
B2 − 4AC − (4Lσ22δ1ϕ− B)2
=16L2δ21ϕσ
3
2(1− θ)(1− ϕ)[(2θ − 1)ϕσ1 + (1− θ)(1− ϕ)σ2] ≥ 0.
Therefore, we have w − w∗ ≥ 0 again.
However, in the case of σ1 < σ2, the corner equilibrium n
∗
1 = 0 does not exist. Because
the threshold value of ϕ♯ ∈ (0, 1) which satisfies market-clearing condition of industry 1









L(1− θ) (w∗ + 1)
ϕ
β(σ1−1)
σ2−1 n1 + n∗1︸ ︷︷ ︸
Demand
− 2σ1w∗δ1︸ ︷︷ ︸
Supply
= 0
does not exist. Although ϕ♯ is not tractable, simulations show that a threshold value of
ϕ♯ ∈ (0, 1) which satisfies N1st(ϕ) = 0 only exists when σ1 > σ2.
Σ1 = 2, Σ2 = 8.









Σ1 = 8, Σ2 = 2.








Figure 5.1: The corner equilibrium n∗1 = 0, Solid θ = 0.8, Dash θ = 0.7, Dotted θ = 0.6.
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Appendix D. The uniqueness of corner equilibrium




n∗1 = 0 n
∗
2 = 0 n1 = 0 n2 = 0
σ1 > σ2 ⃝ × × ×
σ1 < σ2 × ⃝ × ×
Table 5.1: Types of corner equilibria. Possible: ⃝, Impossible: ×.
D.1 n∗2 = 0
In our model, two countries are identical except for sizes. It is easy to understand that the
analysis of corner equilibrium n∗2 = 0 with σ1 > σ2 is symmetric to the case of n
∗
1 = 0 with
σ1 < σ2. On the other hand, the corner equilibrium n
∗
2 = 0 with σ1 < σ2 is symmetric
to the corner equilibrium n∗1 = 0 with σ1 > σ2. According to the results in Appendix C,
we know that n∗2 = 0 with σ1 < σ2 is a possible corner equilibrium. In corner equilibrium
n∗2 = 0 with σ1 < σ2, the analysis is symmetric to the case n
∗
1 = 0 with σ1 > σ2, therefore,
the inequality w − w∗ > 0 still holds.
D.2 n1 = 0
Corner equilibrium n1 = 0 deserves more exploration, since the sizes of two countries are
different. By use of the labor market equilibrium equations, we can obtain n∗2, n2, w and

















1(σ1 + σ2)− L(1− θ)σ2
θδ1n∗1(2σ1σ2 − σ1 − σ2)
.





L(1− θ) (1 + w∗)
ϕn2 + n∗2
− 2σ2w∗δ2 = 0,
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obtains An∗21 − B1n∗1 + C1 = 0, where
B1 ≡Lδ1{θ
[
(1− θ) (σ1 + σ2) + 2θσ1σ2 + 2σ22
]
ϕ2
+ 2(1− θ)σ2 (σ1 + 2σ2)ϕ+ θ [(1− θ)σ1 (2σ2 − 1) + σ2 (2σ2 − 1 + θ)]} > 0,
C1 ≡L2σ2
[












































(σ1 + σ2) (2σ2 − 1) + 2σ1σ2ϕ+
(





















σ1 + σ2 − 2σ1σ2 − 4σ22
)
≤ (σ1 + σ2) (σ1 + σ2 − 16σ2
3)
4 (σ1 + σ2 + 2σ1σ2 + 4σ22)
< 0,
where the second inequality is due σ1 ≤ σ2. Since (2σ1σ1 − σ1 − σ2) (1− ϕ2) > 0, we know
Φ1(θ) < 0 for θ ∈ (1/2, 1) by the properties of quadratic function. Accordingly, inequality
n∗2b < 0 holds for all ϕ ∈ (0, 1), so we only have n∗2 = n∗2a in this corner equilibrium.
However, we show that n∗2 = n
∗
2a < 0 for ϕ ∈ (ϕ♯, 1). Note that ϕ♯ is defined as the
threshold value of trade freeness that satisfies market-clearing condition of the industry
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σ2−1 n1 + n∗1︸ ︷︷ ︸
Demand
− 2σ1wδ1︸ ︷︷ ︸
Supply
= 0.
Although ϕ♯ is not tractable, Fig. 5.2 shows that n∗2a is negative when ϕ ∈ (ϕ♯, 1). It
implies that when σ1 ≤ σ2, n1 = 0 is not a reasonable corner equilibrium. In the case













Figure 5.2: n∗2 < 0 when ϕ ∈ (ϕ♯, 1), Solid θ = 0.8, Dash θ = 0.7, Dotted θ = 0.6.
of σ1 > σ2, n1 = 0 is not a possible corner equilibrium. Because the threshold value of
ϕ♯ ∈ (0, 1) which satisfies market-clearing condition N1(ϕ) = 0 does not exist. Fig. 5.3
shows the result of our simulation. We can not observe such a ϕ♯ ∈ (0, 1) when σ1 > σ2.
Σ1 = 5, Σ2 = 3.







Σ1 = 8, Σ2 = 5










Figure 5.3: The corner equilibrium n1 = 0 with σ1 > σ2, Solid θ = 0.8, Dash θ = 0.7,
Dotted θ = 0.6.
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D.3 n2 = 0
By use of the symmetry of this model setting, we know that the analysis of corner equi-
librium n2 = 0 with σ1 > σ2 is symmetric to the case of n1 = 0 with σ1 < σ2. On the
other hand, the analysis of corner equilibrium n2 = 0 with σ1 < σ2 is symmetric to the
case of n1 = 0 with σ1 > σ2. According to the results in the above subsection, we know
that n2 = 0 is not a possible corner equilibrium.
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